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’INTRODUCTION
Functionalized, nitrogen-containing heterocycles constitute a
widespread structural motif in biologically active compounds
1
and an invaluable template for chiral auxiliaries
2 in asymmetric
synthesis.
3 In particular, tetrahydroisoquinolines (THIQs) and
indoles are common structural motifs in important compounds
such as natural products
4 as well as pharmaceuticals
5 and display
signiﬁcant antitumor activities.
6 1-Arylated THIQs have been
demonstrated to have interesting pharmacological properties,
7
including anti-HIV
8 and neuroprotective activity.
9 Due to the
broad application possibilities of these compounds, methods for
their ever more eﬃcient preparation are continuously sought
after. In this respect, transition-metal-catalyzed cross-coupling
reactions of various reactive functional groups have been devel-
oped as powerful methods for constructing CC bonds.
10
However, it would be even more desirable to use CH bonds
directly for CC bond formation. Such transformations are
usually termed CH activation reactions.
11 In the case of sp
3
CH bonds, it was found that CH bonds adjacent to a
nitrogen could be eﬃciently activated, and several protocols
were reported.
12 Such reactions display much better atom
eﬃciency in comparison to traditional cross-coupling reactions,
sinceprefunctionalizationof building blocks forlaterCCbond
formation can be avoided.
3b,13 This also helps to make synthetic
schemes shorter and more eﬃcient. However, it would be even
more eﬃcient to use the CH bonds of two substrates to be
coupled directly with each other for CC bond formation. This
wasrealizedincrossdehydrogenativecoupling(CDC)reactions,
which are deﬁned as the cross-coupling of two diﬀerent CH
bondsofpronucleophilesandproelectrophiles.
14UsingTHIQas
substrate it was reported that N-arylated THIQs can be coupled
to a series of nucleophiles, such as NaCN, nitroalkanes, terminal
alkynes, malonates, malononitriles, pyrroles, 2-naphthol, and
phenylboronicacids,aswellasMoritaBaylisHillman(MBH)
adducts.SuchreactionshavebeenreportedbyMurahashietal.,
15
Li et al.,
16 and others.
17
One inspiration for the research published within this con-
tribution was a recent report by the group of Li on the CDC
between functionalized indoles and position 1 of N-arylated
THIQs. The presence of tert-butyl hydroperoxide (tBHP as a
solution in decane) as oxidant proved to be necessary, but no
additional solvent was needed using copper(I) bromide as
catalyst.
18 However, there is one signiﬁcant limitation of this
protocol, the removal of the N-phenyl group, which would allow
further functionalization of the THIQ on its amine group.
Although the removal of phenyl from amines was reported, it
required conditions which are only tolerated by a small set
of organic compounds (100 equiv of Li/NH3/THF/40 C,
3h ) .
19 Alternatively, the authors used the p-methoxyphenyl group
(PMP), which should be removable in principle; however, using
standard deprotection conditions
20 we were unable to deprotect
the indolated THIQs. Using a generally removable protecting
group (PG) instead would open the possibility to perform
further transformations after the initial CC bond forming step.
This would be highly desirable if a cheap and readily available
catalystcouldbeusedfortheCDCreaction.Coppercatalystsare
highlyattractive,sincetheyaresigniﬁcantlycheaperandenviron-
mentally more benign compared to noble metal catalysts such as
Pd, Ru, and Rh. An early example of a CC bond forming
process using Cu catalysts was the Ullmann coupling reaction.
21
In recent years copper catalysis has regained much attention and
several interesting contributions have been reported.
22 An even
more attractive metal for catalytic systems would be iron, since it
is environmentally and economically superior to copper and
there are already many literature reports where iron catalysts
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show promising properties in many synthetically valuable trans-
formations.
16e,23 Also, our group contributed to this ﬁeld
by disclosing an improved protocol for the direct indola-
tion and methoxyarylation of protected THIQs and isochroman
by employing cheap iron salts as catalysts.
24 Even more impor-
tantly, removable protecting groups such as the Boc group
could be used instead of phenyl or PMP, and these were easily
cleaved under very mild reaction conditions in most cases in
quantitative yield.
Within this contribution, we report a method for the indola-
tion,pyrrolation,andmethoxyphenylationofTHIQsandisochroman
under copper catalysis in the absence of any protecting group on
THIQ. Additionally, iron- and copper-catalyzed protocols for the
transformations of protected THIQs and isochroman were investi-
gated. Advantages and limitations of the catalytic systems will be dis-
cussed in detail.
’RESULTS AND DISCUSSION
Initially,variousprotectedTHIQsweresynthesizedaccording
to literature protocols
5b,25 to identify protected THIQs suitable
for the proposed transformations. They were then submitted to
standard indolation conditions
18 using copper(I) bromide as
catalyst and tBHP as oxidizing agent at 50 C. Copper(I)
bromide was chosen, since indolation of N-phenyl-THIQ was
reported in the presence of this catalyst (Table 1).
The starting material carrying the Boc protecting group (1h)
aﬀorded the best product yield (79%, entry 15), followed by Ac-
protected 1a (47%, entry 2), CBz-protected 1e (41%, entry 10),
and benzyl-protected 1c (Bn, 36%, entry 6). The benzoyl-
protected substrate 1d (Bz, 10%, entry 8) was less eﬃcient. In
the case of Piv-protected 1b (21%, entry 2) the signiﬁcantly
lower yield can be attributed to steric hindrance. Heterocyclic
substituents such as 2-pyridinyl (1g) gave the indolated product
in 44% yield (entry 14); however, this group requires a two-step
protocol for cleavage.
12a,26 Only the tosyl PG (substrate 1f)
seemed to be ineﬀective in this transformation (entry 16). In
summary, the copper-catalyzed indolation is not limited to pro-
tectivegroupscarryingacarbonylfunctionaswasthecaseforour
previously disclosed iron-catalyzed protocol.
24 Since the Boc
group(substrate1h)turnedouttobethemostsuitablePGusing
copper(I) bromide as catalyst, this substrate was selected for a
subsequent round of parameter optimizations, starting with the
catalyst species. Interestingly, copper(II) nitrate (entry 11)
showed the best conversion (82%), closely followed by copper-
(II) acetate (entry 18) and copper halide salts (entries 1922).
In the case of copper(I) iodide (entry 19) signiﬁcant byproduct
formation(oxidizedTHIQ4handotherunidentiﬁedbyproduct,
Scheme 1) could be monitored by HPLC, resulting in a decrease
in conversion to the desired product, whereas cleaner conver-
sions were achieved when employing copper(I) chloride (74%,
entry 21)orcopper(II) ﬂuoride(76%,entry22).Suchabenzylic
oxidation was already reported in the literature under related
conditions (82 C, excess tBHP, iron(III) chloride hexahydra-
te).
27 Double substitution at the C3 and N1 positions of the
indole with 1h was not observed, as was reported in a similar
CDC reaction of N,N-dimethylanilines with indoles.
28
To conﬁrm that copper(II) nitrate is the catalyst of choice in
combinationwithBocasthebestPG,theotherprotectedTHIQs
were also submitted to the indolation process using copper(II)
nitrate as catalyst. Generally, all yields obtained with copper(II)
nitrate were slightly higher in comparison to the corresponding
transformation catalyzed by copper(I) bromide, and again the
best yield of the desired product (79%, entry 15) was obtained
using 1h as starting material. CBz (1e, 60%, entry 10), Bn (1c,
60%, entry 5), and 2-pyridinyl (1g, 61%, entry 13) also per-
formed well. With Bz as the PG (1d), the yield could be
signiﬁcantly increased from 10% (entry 8) to 40% (entry 7).
Table 1. Optimization of the Catalyst System and Choice
of PG
entry R cat. oxidant yield (%)
1A c ( 1a) Cu(NO3)2
c tBHP 54
2A c ( 1a) CuBr tBHP 47
3 Piv (1b) Cu(NO3)2
c tBHP 26
4 Piv (1b) CuBr tBHP 21
5B n ( 1c) Cu(NO3)2
c tBHP 60
6B n ( 1c) CuBr tBHP 36
7B z ( 1d) Cu(NO3)2
c tBHP 40
8B z ( 1d) CuBr tBHP 10
9 CBz (1e) Cu(NO3)2
c tBHP 60
10 CBz (1e) CuBr tBHP 41
11 Tos (1f) Cu(NO3)2
c tBHP traces
12 Tos (1f) CuBr tBHP traces
13 2-Py (1g) Cu(NO3)2
c tBHP 61
14 2-Py (1g) CuBr tBHP 44
15 Boc (1h) Cu(NO3)2
c tBHP 79
16 Boc (1h) CuBr tBHP 72
17 Boc (1h) CuCN tBHP (65)
18 Boc (1h) Cu(OAc)2 tBHP (74)
19 Boc (1h) CuI tBHP (61)
20 Boc (1h) CuBr tBHP (73)
21 Boc (1h) CuCl tBHP (74)
22 Boc (1h) CuF2 tBHP (76)
23 Boc (1h) CuCl nc
a
24 Boc (1h) CuCl2 nc
a
25 Boc (1h) Cu(NO3)2
c H2O2 (30%) traces
b
26 Boc (1h) Cu(NO3)2
c mCPBA traces
b
27 Boc (1h) Cu(NO3)2
c DBPO traces
b
28 Boc (1h) tBHP nc
nc = no conversion.
a1 equiv of catalyst was employed.
bMonitoring
according to GC/MS, conversion in parentheses according to HPLC.
cCu(NO3)233H2O employed.
Scheme 1. Copper-Catalyzed Indolation and Benzylic Oxi-
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Again,Tos-protectedstartingmaterial1fwasnotacceptedinthis
transformation (entry 11). Finally, the role of the oxidant was
examined: tBHP without catalyst (entry 28) or stoichiometric
amountsof copper inabsenceof an oxidant failedto perform the
reaction, independent of the oxidation state of the copper salt
(entries 23 and 24). Hence, it seems that the oxidizing agent is
not only required to reoxidize the copper salt from copper(I) to
copper(II) in the catalytic cycle. However, this additional role of
the oxidizing agent has not yet been elucidated. This result
supportstheproposedmechanismofLietal.,whichsuggeststhat
a peroxide is required as oxidant to convert copper to the oxy-
copper species B2, which then coordinates to the nitrogen of
THIQ and forms the iminium-type intermediate C2 by elimina-
tionof water, whichisthenattackedbyanucleophile toformthe
desired product (Scheme 2).
29 In contrast to the iron-catalyzed
transformation, a carbonyl group adjacent to the nitrogen of the
THIQ is not mandatory for the copper-catalyzed reaction,
indicating a complexation of the copper with the nitrogen to
form species A2 rather than with the oxygen of the carbonyl
group. In the copper(II) nitrate catalyzed transformation addi-
tion of TEMPO, a radical scavenger, did not result in a decrease
in product formation, in contrast to our results when employing
iron salts as catalysts.
24 This indicates that the product is formed
by an ionic mechanism rather than through a radical pathway.
Otheroxidantssuchashydrogenperoxide(entry25)andmCPBA
(entry 26) only showed traces of the desired product. Thus,
tBHP seems to be mandatory as the oxidant in this reaction. In
Scheme 2 the proposed mechanism for the iron- and copper
catalyzed transformations are displayed.
After we established optimized reaction conditions, a set of
various functionalized indoles was reacted with N-Boc THIQ.
Theresultsofthecopper-catalyzedvariantarecomparedwiththe
results of our previously disclosed iron-catalyzed protocol in
Table 2.
It was found that, depending on the indole derivative applied,
either iron or copper gave better results, whereas the latter metal
was favored in most cases. Simple indole (Table 2, entry 1) gave
goodyieldsinboththecopper-andiron-catalyzedprocesses(3h,
79% and 54% respectively). N-Methylindole (Table 2, entry 2)
was also well tolerated by both catalysts; however, copper
performed slightly better than the iron catalyst (3i, 70% vs
65% yield). A signiﬁcant diﬀerence in substrate conversion was
observed when employing 2-methylindole: in the copper-cata-
lyzed reaction the desired product 3j was obtained in 67% yield
(Table2, entry3).Thisgoodyieldisespeciallyremarkable,since
itshowsthatstericallyhinderedindolescanalsobeappliedinthis
transformation; this was not the case for the iron catalyst, where
only 23% of 3j could be obtained. This result is in line with our
proposed mechanism for the iron-catalyzed indolation process,
where the iron species coordinates to the carbonyl group of the
Boc PG as well as to the nitrogen of the indole.
24 Thus,
complexation might be hindered due to the methyl group at
position C-2 of indole, resulting in a decreased yield. On the
other hand, a free amine functionality (Table 2, entry 4) was not
tolerated at all in copper catalysis and only 16% of 3k could be
isolated when using iron(III) nitrate as catalyst. In copper
catalysis both electron-withdrawing (3mo) and electron-do-
nating (3l) substituents are well tolerated at position C-5 of
indole. Substituents at positions 6 (Table 2, entry 9) and 7
(Table 2, entry 10) were also tolerated (3p,q). The picture
completely changes when looking at the iron-catalyzed yields:
with 5-nitro (Table 2, entry 6), 5-chloro (Table 2, entry 8), and
7-nitro substituents (Table 2, entry 10) even better yields were
obtained in comparison to the case for the copper-catalyzed
reactions(3m,66%vs59%;3o,72%vs66%;3q,70%vs46%).In
these cases, the oxidized N-Boc THIQ byproduct 4h that always
formedwasformedtoalesserextentcomparedtothecaseforthe
copper-catalyzed protocol. Since iron has a high aﬃnity toward
oxygen,
30 it was not surprising that the 5-methoxy-substituted
product 3l was obtained in a notably lower yield (Table 2, entry 5),
and the ester substituent (Table 2, entry 7) was even less
tolerated as a functional group (3n). In addition to indole, also
other ring systems could be applied as coupling partners, such as
7-azaindole (3r, 42% and 44%) and 6-chlorodeazapurine
Scheme 2. A Comparison: Tentative Mechanisms of the Iron/Copper-Catalyzed Indolation of (N-PG)THIQ8784 dx.doi.org/10.1021/jo201511d |J. Org. Chem. 2011, 76, 8781–8793
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(Table2,entry12).Inthecaseof7-azaindole(Table2,entry11)
comparablymediocreyieldswereachievedwithcopperaswellas
withiron catalysis.Using copper(II) nitrateas catalyst 40%ofthe
desired product derived from 6-chlorodeazapurine 3s was isolated.
On the other hand, the desired product was only observed in traces
on TLC when using iron(III) nitrate. Benzo[b]furan, benzo-
[b]thiophene, and benzimidazole gave no conversion.
HavingestablishedtwoprotocolsfortheindolationofN-Boc-
THIQ,weﬁnallyattemptedtocleavetheBocprotectinggroupin
order to obtain the free NH 1-indolated NH-THIQs. Initially,
standard acidic deprotection conditions
31 were used however
decomposition of the starting material 3h was observed. Only in
reﬂuxing AcOH was a mediocre yield of 40% of 5h obtained, in
addition to decomposition products. In the search for milder
conditions we found that using TMSCl in MeOH at room
temperature gave excellent results (Table 2).
32 In most cases
quantitative yields of the deprotected products were obtained,
independent of the nature of the substituents on the indole core.
The deprotection in the presence of 6-Cl-indole toward com-
pound 5p gave the lowest but still satisfactory yield of 86%
(Table 2, entry 21). A second alternative thermal deprotection
of the Boc group under microwave irradiation
33 would be an
operationally simple alternative strategy to classical deprotection. It
wasfoundthatstartingmaterials3h,icouldbedeprotectedinexcellent
y i e l dt oa ﬀord 5h (89%, Table 2, entry 13) and 5i (97%, Table 2,
entry 14) on heating to 250 C under microwave irradiation. This
method proved to be very time eﬃcient, since 30 s of hold time was
suﬃcient for complete deprotection. Unfortunately, in other cases
decompositionofthestartingmaterialswasobservedandtheprotocol
was hence not generally applicable.
Overall,athree-stepprocedureforthesynthesisof1-indolated
THIQswasdevelopedwhichdelivershighyieldsduetothehigh-
yieldingintroductionandcleavageofaversatileprotectinggroup.
However, CDC of unprotected THIQ and substituted indoles
would represent an even more atom eﬃcient transformation. In
such a process, two reaction steps (installation and cleavage of
the protecting group) could be circumvented, which also saves
time and material resources otherwise needed for puriﬁcation of
the intermediateproducts. To our delight, indolation of THIQ 6
toward products 5 could be achieved in good yields (Table 3)
even without N-protection using copper(II) nitrate as catalyst.
When standard conditions were applied for indolation from the
above series of experiments on Boc-protected precursors, THIQ
(1.0 equiv of indole, 0.8 equiv of THIQ) could be indolated in
approximately 50% yield, independent of the functional group
of the indole (Table 3, entries 4, 7, 9, 11, 14, 16, and 17). 3,4-
Dihydroisoquinoline (DHIQ) was also formed as a byproduct via
oxidative dehydrogenation to approximately the same extent as the
desired products.
34 Changing the ratio of substrates to 2 equiv of
T H I Qa n d1 . 0e q u i vo fi n d o l er e s u l t e di na ni n c r e a s e dy i e l do ft h e
desired product 5h of 74% (Table 3, entry 3). A further improved
yieldof5hof85%(Table3,entry2)wasachievedwhen4equivof6
was employed. These results indicate that DHIQ byproduct forma-
tion occurs at approximately the same reaction rate as the desired
product formation. An even higher excess of THIQ (8 equiv) did
not improve the yield further (Table 3, entry 1). Also in other cases
an excess of 2 equiv of THIQ (Table 3, entries 10, 12, and 18) gave
betteryields.Ithastobepointedout,that1-methyl-(Table3,entry6),
3-methyl- (Table 3, entry 8), and 7-nitroindoles (Table 3, entry 15)
are ineﬀective substrates in this particular transformation. The
failure of 1-methylindole might indicate that a free indole NH
group is mandatory for complexation with the copper catalyst
and that this step is important for initiating the reaction. In the
case of 3-methylindole, the C2 position of the indole is probably
not suﬃciently electron rich to undergo this type of transforma-
tion (Table 3, entry 8). On the other hand, 7-nitroindole
competes with the free NH group for complexation with the
copper-species, and therefore no desired product is formed.
35
Also,ironcatalysiswasinvestigatedforthistransformationbut
did not give any indolated product. Thus, protection of nitrogen
withacarbonylPGismandatoryforthismetal,sinceonlyTHIQs
with a PG containing a carbonyl group showed successful
indolation, due to coordination of the iron species with the
oxygen of the carbonyl group.
24
On comparison of the two outlined methods, reaction of the
unprotected THIQ is superior with regard to atom eﬃciency,
even though an excess of THIQ is required in order to obtain
high yields (Scheme 3). The same is true regarding time
eﬃciency, since two reactionsteps can be avoided. Still, the iron-
andcopper-catalyzedprotocolscanbeusefulalternativesincases
wherethefreeNHofTHIQisnottolerated.Twosuch examples
were encountered: i.e., 1-methyl- (Table 2, entry 2) and 7-ni-
troindole (Table 2, entry 10). In these cases the protocol
employing Fe(NO3)3 as catalyst gave 57% and 63% yields over
three steps and the Cu(NO3)2-catalyzed method gave 63% and
41% yields, respectively, again over three steps. Generally, when
the overall yield over three steps is compared to the yield of the
direct protocol, higher yields are obtained in the direct method
when 2 equiv of THIQ is applied. When only 1 equiv of this
substrate is used, the three-step protocol including protection
Table 2. Indolation of Boc-THIQ 1h
yield of
indolation (%) deprotection
entry R X/Y product Fe
a Cu
b entry product
yield
(%)
e
1 H CH/CH 3h 54 79 13 5h 100
c
89
d
2 1-CH3 CH/CH 3i 65 70 14 5i 100
c
97
d
3 2-CH3 CH/CH 3j 23 67 15 5j 100
c
4 5-NH2 CH/C 3k 16 nc 16 np
5 5-OCH3 CH/C 3l 43 52 17 5l 99
c
6 5-NO2 CH/C 3m 66 59 18 5m 100
c
7 5-COOMe CH/C 3n 55 0 1 9 n p
8 5-Cl CH/C 3o 72 66 20 5o 100
c
9 6-Cl CH/CH 3p 56 75 21 5p 86
c
10 7-NO2 C/CH 3q 70 46 22 5q 99
c
11 H N/CH 3r 42 44 23 5r 100
c
12 6-Cl N/N 3s nc 40 24 np
aFe(NO3)339H2O.
bCu(NO3)233H2O.
cConditions:TMSCl,MeOH,
room temperature.
dConditions: ethylene glycol, 250 C, microwave, 30 s.
eyYield after deprotection of the Boc PG; np = not performed.8785 dx.doi.org/10.1021/jo201511d |J. Org. Chem. 2011, 76, 8781–8793
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and deprotection compares favorably. Hence, it can be con-
cluded that all three protocols (copper-catalyzed indolation of
unprotected THIQ, copper-catalyzed indolation of N-protected
THIQ,andiron-catalyzed indolationof N-protected THIQ) can
be of value, depending on the synthetic problem. The protec-
tiondeprotectionpathwaymightbeofspecialvaluewhenmore
elaborate and, hence, more expensive THIQ derivatives are used
as substrates.
After we established the principal reactivity on indole, it was
further investigated whether pyrroles can also undergo a CDC
with THIQ. Thus, pyrrole 7a was reacted with 2 equiv of THIQ
6, which aﬀorded the desired product 8a in 44% yield
(Scheme 4). The new carboncarbon bond was formed in this
case between C1 of THIQ and C2 of pyrrole, so again the more
electron rich position of the pronucleophile reacts.
The yield dropped dramatically when the pyrrolation was
performed on Boc-protected 1h: only traces of the desired
product 8d were observed employing copper catalysis and only
11%ofthedesiredproductcouldbeisolatedintheiron-catalyzed
reaction (see the Supporting Information).
Thus, the scope of the pyrrolation was investigated on 6: also
4,5,6,7-tetrahydroindole gave the desired product in 41% yield.
Electron-poor pyrroles such as 2-acetylpyrrole did not show any
conversion according to GC/MS. Notably, also 1-methylpyrrole
was ineﬀective, which is in line with results obtained for
1-methylindole (Table 3, entry 6); we understand this as further
evidence of the importance of a free NH group in the pronu-
cleophile. Interestingly, the reaction was also successful when
using 2,5-dimethylpyrrole 7b as substrate, this time leading to
CC bond formation at C3 of pyrrole, aﬀording product 8b.
However, the yield dropped to 27% (Scheme 4).
Onthebasisoftheaboveresults,webecameinterestedinextending
thesubstratescopeofthetransformationtoothercouplingpartnersin
addition to (aza)indoles and pyrroles. Since the pronucleophile needs
to be electron rich, high electrondensity arenes were submitted to the
reaction conditions with THIQs. Gratifyingly, Boc-protected 1h
(Table 4, entry 1), Bz-protected 1d (Table 4, entry 2), and CBz-
protected1e(Table4,entry3) werefoundtobesuitablesubstratesfor
methoxyarylation with 1,3,5-trimethoxybenzene. In marked contrast
to the indolation reactions, unprotected THIQ 6,B n - p r o t e c t e d1c
(Table4,entry4) andPMP-protectedTHIQ(Table4,entry5) were
ineﬃcient under both copper and iron catalysis.
The best yield in this methoxyarylation reaction was obtained
using 1,3,5-trimethoxybenzene as the most electron rich aryl
coupling partner and Boc-protected 1h as substrate, where a
good yield of 81% in iron catalysis and 76% (Table 4, entry 1) in
coppercatalysiswasobtained.Decreasingtheelectrondensityon
the aryl coupling partner as in 1,3-dimethoxybenzene also
Table 3. Copper-Catalyzed Indolation of THIQ
entry R X amt of THIQ (equiv) yield (%)
1( 5h) H CH 8.0 84
2( 5h) H CH 4.0 85
3( 5h) H CH 2.0 74
4( 5h) H CH 0.8 48
5( 5h) H CH 0.4 53
6( 5i) 1-Me CH 0.8 1
7( 5j) 2-Me CH 0.8 43
8 3-Me CH 0.8 nc
b
9( 5l) 5-OMe CH 0.8 48
10 (5l) 5-OMe CH 2.0 71
11 (5m) 5-NO2 CH 0.8 53
a
12 (5m) 5-NO2 CH 2.0 62
a
13 (5n) 5-COOMe CH 2.0 58
14 (5p) 6-Cl CH 0.8 46
15 (5q) 7-NO2 CH 0.8 2
16 (5r) N 0.8 43
17 (5t) 7-Me CH 0.8 48
18 (5t) 7-Me CH 2.0 68
aReaction time: 2 days.
bnc = no conversion.
Scheme 3. Indolation of Unprotected THIQ vs Protec-
tionDeprotection Pathway
Scheme 4. Copper-Catalyzed Pyrrolation of THIQ
a
aConditions: Cu(NO3)233H2O (5 mol %), tBHP (1.3 equiv), 50 C,
15 h.8786 dx.doi.org/10.1021/jo201511d |J. Org. Chem. 2011, 76, 8781–8793
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showed product formation of 10f but, as could be expected, with
aloweryieldof34%(copper) and41%(iron)(Table4,entry 9).
Also,alessfavorablearrangementofthreemethoxygroupsledto
decreased product yield: 1,2,4-trimethoxybenzene led to 47%
(Table 4, entry 7, Fe) and 23% (Table 4, entry 7, Cu) 10d,
respectively. It has to be noted that only arylation product
derivingfromareactionatposition5of1,2,4-trimethoxybenzene
was observed. Principally, position 3 would be activated to a
similar extent but is sterically less favored. The presence of four
methoxy groups in the aryl coupling partner gave, especially in
the Cu-catalyzed protocol, again a higher yield (10e, Table 4,
entry 8). Generally, the Fe-catalyzed variant performed better in
most cases.
Next, we investigated possible extensions to other proelec-
trophiles; therefore, isochroman 9 was tested as the starting
material as well (Table 4, entries 1013). Attempts to use 9 as
starting material for indolations unfortunately failed, leading
rather to bis-indolation via CH bond oxidation and CO
cleavage,whichisinlinewithrecentreportsbyLietal.
36However,
1,3,5-trimethoxybenzenealsoreactedwith9ascouplingpartnerto
aﬀordthedesiredproduct11ain55%and51%yields,respectively
(Table4,entry10).Thisconﬁrmsthatthisarylationreactionisnot
limited to THIQ but also isochroman can be used as substrate;
however, lower yields were obtained for both metal catalysts in
comparison to the case for THIQ substrates. Still, this is an
interesting extension to existing protocols, since it demonstrates
that the transformation is limited neither to THIQ starting
materials nor toindoleorpyrrolecoupling partners, consequently
broadening the substrate scope considerably. Comparable less
electron rich 1,3-dimethoxybenzene also showed product forma-
tion, but again with lower yields of 12% (11c, entry 12, Fe) and
23% (11c,entry12,Cu). Withregardto1,2,4-trimethoxybenzene
(11d, entry 13) and 1,2,3,5-tetramethoxybenzene(11b, entry 11)
the same trends in yield were observed as for the corresponding
reactions on THIQ 1h. For both starting materials 1h and 9
anisole is no longer suﬃciently activated and no arylated product
was formed.
’CONCLUSION
Insummary,analternativecopper-andiron-catalyzedmethod
for the indolation, pyrrolation, and methoxyphenylation of
THIQs and for the methoxyphenylation of isochroman was
developed. Most importantly, cleavable N-protecting groups
can be applied using the outlined protocols, which represents a
signiﬁcant extension of this methodology in comparison to
previous reports. The Boc group can be removed under mild
conditionswithTMSClorwithinsecondsinexcellentyieldusing
high-temperature microwave conditions. It could be demon-
strated that unprotected THIQ could be directly functionalized
with indoles and pyrroles in a copper-catalyzed reaction. This
emphasizes that copper and iron catalyses often complement
each other.
’EXPERIMENTAL SECTION
General notes and instrumentation are provided in the Supporting
Information. Protected THIQs and 4,5,6,7-tetrahydro-1H-indole were
synthesized according to literature procedures.
25
General Procedure for Indolation of N-Protected THIQ. A
mixture of protected THIQ (0.857 mmol, 1.0 equiv), catalyst
(Cu(NO3)233H2O, 10.4 mg; Fe(NO3)339H2O, 17.3 mg; 42.9 μmol,
0.05 equiv), and indole (1.03 mmol, 1.2 equiv) was placed into a 5 mL
glass vial in air. tBHP (203 μL, 5.5 M in decane, 1.3 equiv) was added
dropwise at 0 C in air, and the dark greenish slurry was stirred for
10 min at 0 C. The neat mixture was then slowly heated to 50 C,
whereuponthecolorchangedtodarkbrown,andstirringwascontinued
for 15 h in a heating block. The reaction was monitored by TLC and/or
GC-MS. The dark brown slurry was diluted with DCM (3 mL) and
directly subjected to flash column chromatography (100 g of SiO2),
applying the solvent mixture used for TLC.
1-[1-(1H-Indol-3-yl)-3,4-dihydroisoquinolin-2(1H)-yl]ethanone
(3a):yieldforCu134mg(54%)andforFetraces;paleyellowsolid;mp
208211C;TLC Rf(PE/EtOAc 1/1) =0.18; GC/MS (EI+) m/z(rel
intensity) 290 (M
+, 50), 273 (14), 248 (18), 247 (100), 232 (29), 230
(14), 218 (28), 217 (28), 132 (16), 131 (24), 130 (50), 117 (25), 115
(27), 103 (21), 89 (12), 77 (12);
1H NMR (200 MHz, DMSO- d6)
mixture of rotamers 1:0.17, δ 2.10 (s, 3H), 2.25 (s, 0.51H), 2.742.90
(m, 1.30H), 3.02 (ddd,
2J=17.2 Hz,
3J=11.6 Hz,
3J=5.8 Hz, 1H),
3.243.45(m,1.30H),3.77(dd,
2J=13.7Hz,
3J=5.4Hz,1H),4.26(bs,
0.16H),6.40 (bs,0.17H),6.58(d,
3J=2.0Hz,1H),6.897.27(m,8H),
7.34 (d,
3J=7.9 Hz, 1.35H), 7.57 (d,
3J=7.8 Hz, 1H), 10.93 (s, 1H),
11.10 (s, 0.17H);
13C NMR (50 MHz, DMSO-d6): mixture of rotamers
1:0.17,δ21.4(q),28.4(t),39.1(t,overlapwithDMSOsignal),47.9(d),
111.4 (d), 117.1 (s), 118.7 (d), 119.2 (d), 121.3 (d), 125.4 (d), 125.7 (d),
126.1(s),126.5(d),128.2(d),128.8(d),134.4(s),136.2(s),136.3(s),
167.7 (s).
2,2-Dimethyl-1-(1-(1H-indol-3-yl)-3,4-dihydroisoquinolin-2(1H)-yl)-
propan-1-one (3b): yield for Cu 73 mg (26%) and for Fe traces; off
white powder; mp 184186 C;TLC Rf (PE/EtOAc 2/1) = 0.27; GC/
MS (EI+) m/z (rel intensity) 332 (M
+, 27), 248 (19), 247 (100), 232
(35), 231 (14), 218 (25), 217 (23), 144 (11), 132 (26), 130 (28), 117
Table 4. Scope of Methoxyphenylation on N-PG THIQ and
Isochroman
yield (%)
entry R
1 R
2 R
3 R
4 XF e C u
1( 10a) OMe H H OMe NBoc 81 76
2( 10b) OMe H H OMe NBz 54
a 46
a
3( 10c) OMe H H OMe NCBz 58
a 51
a
4 OMe H H OMe NBn nc
b nc
5 OMe H H OMe NPMP nc nc
6 OMe H H OMe NH nc nc
7( 10d) OMe H OMe H NBoc 47 23
8( 10e) OMe OMe H OMe NBoc 52 46
9( 10f) H H H OMe NBoc 34
a 41
10 (11a) OMe H H OMe O 55 51
11 (11b) OMe OMe H OMe O 17 39
12 (11c) H H H OMe O 12
a 23
13 (11d) OMe H OMe H O 15 32
a36 h of reaction time.
bnc = no conversion according to GC/MS.8787 dx.doi.org/10.1021/jo201511d |J. Org. Chem. 2011, 76, 8781–8793
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(10), 115 (17), 57 (24);
1H NMR (200 MHz, CDCl3) δ 1.24 (s, 9H),
2.73(ddd,
2J=16.4Hz,
3J=4.1Hz,
3J=0.9Hz,1H),3.04(ddd,
2J=17.0
Hz,
3J=12.4 Hz,
3J=6.1 Hz, 1H), 3.44 (ddd,
2J=13.9 Hz,
3J=12.6 Hz,
3J=4.2 Hz, 1H), 4.05 (ddd,
2J=13.6 Hz,
3J=6.2 Hz,
3J=1.4 Hz, 1H),
6.56(d,
4J=2.3Hz,1H),6.97(ddd,
3J=8.0Hz,
3J=7.1Hz,
4J=1.1Hz,
1H), 7.047.16 (m, 5H), 7.167.21 (m, 1H), 7.25 (d,
3J=8.0 Hz,
1H), 7.50 (d,
3J=7.9 Hz, 1H), 8.06 (s, 1H);
13C NMR (50 MHz,
CDCl3) δ 28.4 (3C, q), 29.2 (t), 39.1 (s), 39.6 (t), 50.4 (d), 110.9 (d),
119.1 (s), 119.8 (d), 120.4 (d), 122.2 (d), 125.6 (d), 125.9 (d), 126.4
(s), 126.6 (d), 128.6 (d), 128.7 (d), 133.7 (s), 136.4 (s), 136.5 (s),
175.7 (s).
2-Phenylmethyl-1-(1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline
(3c): yield for Cu 181 mg (60%) and for Fe 20 mg (7%); pale yellow
solid; mp 5560 C; TLC Rf (PE/Et2O 1/1) = 0.45; GC/MS (EI+) m/z
(rel intensity) 338 (M+, 75), 337 (56), 247 (32), 245 (16), 231 (22),
219(50),218(100),217(35),130(11),106(15),91(31);HRMS(ESI+):
exact mass calculated for C24H22N2339.1856, found: 339.1852 [M + H]
+;
1H NMR (200 MHz, DMSO-d6) δ 2.322.47 (m, 1H), 2.702.88
(m, 1H), 2.923.12 (m, 2H), 3.26 (d,
2J = 13.7 Hz, 1H), 3.81 (d,
2J =
13.7 Hz, 1H), 4.88 (s, 1H), 6.757.39 (m, 13H), 7.45 (d,
3J = 7.8 Hz,
1H), 10.97 (s, 1H);
13C NMR (50 MHz, APT, DMSO-d6) δ 28.8 (t),
47.1 (t), 58.2 (t), 61.2 (d), 111.4 (d), 116.4 (s), 118.2 (d), 120.2 (d),
120.9 (d), 125.3 (d), 125.49 (d), 125.53 (d), 125.9 (s), 126.5 (d), 127.9
(d), 128.0 (d, 2C), 128.1 (d), 128.4 (d, 2C), 134.3 (s), 136.9 (s), 138.7
(s), 139.6 (s).
(1-(1H-Indol-3-yl)-3,4-dihydroisoquinolin-2(1H)-yl)(phenyl)-meth-
anone(3d):yieldforCu120mg(40%)andforFe67mg(22%);brown
solid;mp226228C;TLCRf(PE/EtOAc2/1)=0.29;GC/MS(EI+)
m/z (rel intensity) 352 (M
+, 40), 248 (20), 247 (100), 232 (32), 218
(21), 217 (21), 130 (18), 115 (12), 105 (56), 77 (44); HRMS (ESI
+)
exact mass calculated for C24H20N2O 353.1648, found 353.1639 [M +
H]
+;
1H NMR (400 MHz, CDCl3) δ 2.75 (d,
2J=14.6 Hz, 1H),
2.973.11 (m, 1H), 3.47 (dt,
2J=13.4 Hz,
3J = 3.3 Hz, 1H), 3.66
(dd,
2J=13.2Hz,
3J=5.7Hz,1H),6.68(s,1H),7.13(t,
3J=7.3Hz,1H),
7.187.54 (m, 12H),7.85 (d,
3J=7.6 Hz,1H), 8.34 (bs,1H);
1H NMR
(200MHz,DMSO-d6)δ2.75(d,
2J=16.0Hz,1H),2.863.10(m,1H),
3.203.60(m,2H),6.64(bs,1H),6.897.51(m,13H),7.65(d,
3J=7.9
Hz,1H),11.03(s,1H);
13CNMR(101MHz,CDCl3)δ29.5(t),40.6(t),
49.0 (d), 111.1 (d), 118.6 (s), 120.0 (d), 120.3 (d), 122.3 (d), 125.7
(d),126.1(d),126.4(2d),126.9(d),127.3(s),128.5(4C,d),128.8(d),
128.9(d),129.4(d),133.8(s),135.7(s),136.4(s),136.6(s),169.9(s);
13C NMR (50 MHz, APT, DMSO-d6) δ 28.6 (t), (CH2 group at 40.6
ppminCDCl3overlapswithDMSOsignal),48.4(d),111.6(d),116.8(s),
118.9 (d),119.0 (d), 121.4 (d), 125.8 (d), 125.9 (s), 126.1 (d), 126.8 (d),
128.2(d),128.5(4C,d),128.9(d),129.3(d),134.0(s),135.6(s),136.4
(2C overlapping, s), 168.6 (s).
Phenylmethyl-1-(1H-indol-3-yl)-3,4-dihydroisoquinoline-2(1H)-
carboxylate (3e): yieldforCu171 mg(60%)and forFe135 mg(41%);
whitepowder;mp6264C;TLCRf(PE/EtOAc5/1)=0.55;GC/MS
(EI+) m/z (rel intensity) 382 (M
+, 3), 292 (7), 291 (40), 248 (20), 247
(100), 218 (8), 217 (7), 130 (12), 103 (5), 91 (6); HRMS (ESI
+) exact
mass calculated for C25H22N2O2 383.1754, found 383.1722 [M + H]
+;
1H NMR (200 MHz, CDCl3) δ 2.73 (dd, 1H,
2J = 16.7 Hz,
3J = 2.7 Hz,
1H), 2.903.36 (m, 2H), 3.804.30 (m, 1H), 5.105.46 (m, 2H),
6.486.84 (m, 2H),6.887.82 (m, 13H),8.19 (bs, 1H);
13C NMR (50
MHz, APT, CDCl3) δ 28.6 (t), 37.4 (t), 51.5 (d), 67.1 (t), 111.0 (d),
118.5(s),119.8(d),120.2(d),122.2(d),125.0(d),125.8(d,2C),126.4(s),
126.7 (d), 127.7 (d), 128.0 (d), 128.4 (d), 128.5 (d, 2C), 129.0 (d),
134.6 (s), 136.0 (s), 136.3 (s), 136.7 (s), 154.9 (s).
1-(1H-Indol-3-yl)-2-(pyridin-2-yl)-1,2,3,4-tetrahydroisoquinoline
(3g):yieldforCu171mg(61%);paleyellowpowder;mp177178C;
TLCRf(PE/EtOAc2/1)=0.51;GC/MS(EI+)m/z(relintensity)325
(M
+ 40), 248 (19), 247 (100), 232 (24), 230 (15), 218 (24), 217 (27),
195 (12), 130 (17), 117 (14), 115 (15); HRMS (ESI
+) exact mass
calculatedforC22H19N3326.1652,found326.1652[M+H]
+;
1HNMR
(200MHz,CDCl3)δ2.80(dt,
2J=16.1Hz,
3J=3.9Hz,1H),3.12(ddd,
2J=16.3 Hz,
3J=10.7 Hz,
3J=5.6 Hz,1H), 3.63 (ddd,
2J=13.6 Hz,
3J=
10.7 Hz,
3J=4.4 Hz, 1H), 3.98 (td,
2J=13.6 Hz,
3J=4.3 Hz, 1H), 6.58
(dd,
3J=7.0 Hz,
3J=5.0 Hz, 1H),6.65 (d,
4J=2.2 Hz, 1H),6.76 (d,
3J=
8.6 Hz, 1H), 7.04 (t,
3J=7.1 Hz, 1H), 7.107.23 (m, 5H), 7.277.35
(m,2H),7.47(ddd,
3J=8.8Hz,
3J=7.2Hz,
4J=2.0Hz,1H),7.70(d,
3J=
7.8 Hz, 1H), 8.06 (s, 1H), 8.28 (dd,
3J=4.9 Hz,
3J=1.9 Hz, 1H);
13C
NMR (50 MHz, APT, CDCl3) δ 26.9 (t), 38.9 (t), 52.2 (d), 106.5 (d),
111.0 (d), 112.0 (d), 119.2 (s), 119.5 (d), 120.1 (d), 122.0 (d), 124.4
(d),125.6(d),126.5(d),126.6(s),128.3(d),128.8(d),135.4(s),136.5
(s), 137.4 (s), 137.5 (d), 148.1 (d), 157.9 (s).
1,1-Dimethylethyl-1-(1H-indol-3-yl)-3,4-dihydroisoquinoline-2(1H)-
carboxylate (3h):yieldforCu235mg(79%) andforFe160mg(54%);
off white powder; mp 137139 C; TLC Rf (PE/Et2O 2/1) = 0.18;
GC/MS (EI+) m/z (rel intensity) 248 (46), 247 (91), 245 (100), 230
(18), 218 (53), 130 (52), 121 (46), 117 (38), 108 (50), 103 (21);
HRMS (ESI
+) exact mass calculated for C22H24N2O2 371.1735. found
371.1730 [M + Na]
+;
1H NMR (400 MHz, DMSO-d6) δ 1.46 (s, 9H),
2.77 (d,
2J=15.8 Hz, 1H), 2.842.96 (m, 1H), 3.07 (dt,
2J=12.8 Hz,
3J=4.3 Hz,1H),3.94(bs,1H),6.376.85 (m,2H),6.96 (t,
3J=7.4 Hz,
1H), 7.08 (t,
3J=7.6 Hz, 1H), 7.15 (bs, 2H), 7.22 (d,
3J=3.1 Hz, 2H),
7.36 (d,
3J=8.1 Hz, 1H), 7.58 (bs, 1H), 10.95 (s, 1H);
1H NMR (200
MHz, CDCl3) δ 1.55 (s, 9H), 2.632.85 (m, 1H), 2.923.27 (m, 1H),
4.05(bs,1H),6.60(bs,1H),6.75(bs,1H),7.067.25(m,6H),7.35(d,
3J=7.7Hz,1H),7.80(bs,1H),8.14(bs,1H);
13CNMR(50MHz,APT,
CDCl3) δ 28.4 (3C, q), 28.5 (t), 37.6 (t), 50.5 (d), 79.7 (s), 111.1 (d),
118.6(s),119.5(d),119.9(d),122.0(d),125.0(d),125.6(d),126.4(s),
126.5(d),128.3(s),128.3(d),129.0(d),134.8(s),136.3(s),136.4(s),
154.3 (s).
1,1-Dimethylethyl-1-(1-methyl-1H-indol-3-yl)-3,4-dihydroisoqui-
noline-2(1H)-carboxylate (3i): yield for Cu 218 mg (70%) and for Fe
203mg(65%);whitepowder;mp7072C;TLCRf(PE/EtOAc3/1)
= 0.78; GC/MS (EI+) m/z (rel intensity) 262 (48), 261 (100), 259
(33), 245 (12), 232 (22), 217 (20), 157 (6), 130 (22), 103 (7), 77 (5);
HRMS (ESI
+) exact mass calculated for C23H26N2O2 363.2067, found
363.2072 [M + H]
+;
1H NMR (200 MHz, CDCl3) δ 1.58 (s, 9H),
2.682.88 (m, 1H), 2.963.30 (m, 2H), 3.70 (s, 3H), 3.884.32 (m,
1H),6.49(s,1H),6.74(bs,1H),7.087.36(m,7H),7.82(bs,1H);
13C
NMR (50 MHz, APT, CDCl3) δ 28.4 (t), 28.6 (3C, q), 32.6 (q), 37.5
(t), 50.4 (d), 79.5 (s), 109.1 (d), 117.4 (s), 119.2 (d), 120.4 (d), 121.8
(d), 125.6 (d), 126.5 (d), 127.0 (s), 128.4 (d), 129.0 (d), 129.4 (d),
135.0 (s), 136.5 (s), 137.1 (s), 154.2 (s).
1,1-Dimethylethyl-1-(2-methyl-1H-indol-3-yl)-3,4-dihydroisoqui-
noline-2(1H)-carboxylate(3j):yieldforCu209mg(67%)andforFe72
mg (23%); pale yellow powder; mp 8184 C; TLC Rf (PE/EtOAc
2/1) = 0.69; GC/MS (EI+) m/z (rel intensity) 262 (62), 261 (100), 245
(61),244(37),219(21),218(44),131(34),130(85),103(18),77(20);
HRMS (ESI
+) exact mass calculated for C23H26N2O2 385.1886, found
385.1896 [M + Na]
+;
1H NMR (200 MHz, CDCl3) δ 1.49 (s, 9H), 2.24
(s,3H),2.78(dd,
2J= 16.7 Hz,
3J= 3.0 Hz, 1H), 3.003.80 (m, 2H), 4.14
(dd,
2J=11.8 Hz,
3J=3.5 Hz, 1H), 6.66 (s, 1H), 6.836.94 (m, 1H),
6.987.13 (m, 4H), 7.177.26 (m, 3H), 7.91 (bs, 1H);
1HN M R( 2 0 0
MHz, DMSO-d6) δ 1.44 (s, 9H), 2.19 (s, 3H), 2.743.28 (m, 3H), 4.01
(dd,
2J =1 3 . 3H z ,
3J = 3.3 Hz, 1H), 6.50 (s, 1H), 6.676.78 (m, 1H),
6.817.02 (m, 3H), 7.057.15 (m, 1H), 7.157.28 (m, 3H), 10.95 (s,
1H);
13CNMR(50MHz,APT,CDCl3)δ12.6(q),28.5(3C,q),28.6(t),
38.3 (t), 51.0 (d), 79.7 (s), 110.1 (d), 113.3 (s), 119.3 (d), 119.5 (d),
120.9 (d), 126.3 (d), 126.5 (d), 128.3 (d), 128.5 (s), 129.0 (d), 133.9 (s),
134.9 (s), 134.9 (s), 137.0 (s), 154.2 (s);
13C NMR (50 MHz, APT,
DMSO-d6) δ 11.9 (q), 27.9 (t), 28.0 (3C, q), 37.8 (t), 50.3 (d), 78.9 (s),
110.4 (d), 111.6 (s), 118.1 (d), 118.4 (d), 119.9 (d), 126.0 (d), 126.4 (d),
127.7 (s), 127.8 (d), 128.8 (d), 134.2 (s), 134.4 (s), 134.8 (s), 136.7 (s),
153.3 (s).8788 dx.doi.org/10.1021/jo201511d |J. Org. Chem. 2011, 76, 8781–8793
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1,1-Dimethylethyl-1-(5-amino-1H-indol-3-yl)-3,4-dihydroisoquino-
line-2(1H)-carboxylate (3k): yield for Cu no conversion and for Fe 50
mg (16%); dark brown solid; mp 9698 C; TLC Rf (PE/Et2O 1/1) =
0.31; GC/MS (EI+) m/z (rel intensity) 263 (48), 262 (30), 258 (40),
246 (75), 245 (100), 233 (13), 218 (17), 132 (23), 130 (20); HRMS
(ESI
+) exact mass calculated for C22H25N3O2 386.1839, found 386.
1854[M+Na]
+;
1HNMR(400MHz,CDCl3)δ1.48(s,9H),2.82(dd,
2J=16.4Hz,
3J=2.9Hz,1H),3.093.22(m,1H),3.41(dt,
2J=13.3Hz,
3J = 3.6 Hz, 1H), 4.07 (dd,
2J=13.6 Hz,
3J = 5.7 Hz, 1H), 6.66 (s, 1H),
5.13 (s, 1H),6.68 (d,
3J=8.6Hz, 1H),6.78 (t,
4J=2.7 Hz, 1H),7.03 (d,
3J=7.7 Hz, 1H), 7.10 (t,
3J=7.3 Hz, 1H), 7.14 (d,
3J=8.6 Hz, 1H),
7.197.24 (m, 2H), 7.86 (s, 1H), NH2 group gives a broad signal
between 2 and 5 ppm;
13C NMR (101 MHz, APT, CDCl3) δ 28.4 (q,
3C),28.5(t),39.2(t),53.8(d),80.2(s),101.3(d),111.7(d),113.8(d),
116.0(s),123.7(d),126.3(d),126.5(d),128.4(s),128.9(d),128.9(d),
130.8 (s), 134.8 (s), 137.4 (s), 139.9 (s), 155.5 (s).
1,1-Dimethylethyl-1-(5-methoxy-1H-indol-3-yl)-3,4-dihydroisoqui-
noline-2(1H)-carboxylate (3l): yield for Cu 174 mg (52%) and for Fe
140 mg (43%); off-white powder; mp 6972 C; TLC Rf (PE/EtOAc
5/1)=0.27;GC/MS(EI+)m/z(relintensity)278(59),277(100),261
(53), 249 (22), 248 (24), 233 (12), 218 (10), 204 (10), 132 (10), 130
(14); HRMS (ESI
+) exact mass calculated for C23H26N2O3 401.1836,
found 401.1822 [M +Na]
+;
1H NMR (200 MHz, DMSO-d6) δ 1.46 (s,
9H),2.633.19(m,3H),3.69(s,3H),3.88(bs,1H),6.52(bs,2H),6.73
(dd,
3J=8.8Hz,
4J=2.1Hz,1H),7.017.32(m,6H),10.78(s,1H);
13C
NMR (50 MHz, APT, DMSO-d6) δ 27.8 (t), 28.0 (3C, q), 37.0 (t),
50.1 (d), 55.0 (q), 78.8 (s), 100.7 (d), 111.5 (d), 112.2 (d), 116.8 (s),
125.6(d),126.4(s),126.5(d),127.9(d),128.9(d),131.4(s),134.4(s),
136.0 (s), 153.1 (s), 153.4 (s).
1,1-Dimethylethyl-1-(5-nitro-1H-indol-3-yl)-3,4-dihydroisoquino-
line-2(1H)-carboxylate(3m):yieldforCu200mg(59%)andforFe222
mg (66%); bright yellow solid; mp 219221 C; TLC Rf (PE/EtOAc
3/1)=0.22;GC/MS(EI+)m/z(relintensity)393(43),292(100),276
(10), 263 (24),246 (34), 217(30), 189 (8),146 (6),132 (6), 130(12);
HRMS (ESI
+) exact mass calculated for C22H23N3O4 416.1581, found
416.1589 [M + Na]
+;
1H NMR (200 MHz, DMSO-d6) δ 1.50 (s, 9H),
2.633.07 (m, 3H), 3.764.09 (m, 1H), 6.62 (s, 1H), 6.80 (s, 1H),
7.097.29 (m, 4H),7.55 (d,
3J=9.0 Hz,1H), 8.02 (dd,
3J=9.0 Hz,
4J=
2.2 Hz, 1H), 8.73 (s, 1H), 11.5011.86 (m, 1H);
13C NMR (50 MHz,
APT, DMSO-d6) δ 27.7 (t), 27.9 (q, 3C), 37.0 (t), 49.9 (d), 79.5 (s),
112.1(d),116.4(d),116.8(d),119.9(s),125.3(s),125.7(d),126.8(d),
128.0(d),128.9(d),129.0(d),134.5(s),135.1(s),139.6(s),140.6(s),
153.3 (s).
1,1-Dimethylethyl-1-(5-(methoxycarbonyl)-1H-indol-3-yl)-3,4-di-
hydroisoquinoline-2(1H)-carboxylate (3n): yield for Cu175 mg (50%)
and for Fe 17 mg (5%); pale yellow powder; mp 221224 C; TLC Rf
(PE/Et2O1/1)=0.18;GC/MS(EI+)m/z(relintensity)306(45),305
(100), 289 (12), 276 (18), 247 (8), 244 (8), 217 (15), 189 (6), 144 (8),
130 (16); HRMS (ESI
+) exact mass calculated for C24H26N2O4
429.1785, found 429.1771 [M + Na]
+;
1H NMR (200 MHz, CDCl3)
δ 1.62 (s, 9H), 2.602.83 (m, 1H), 2.903.18 (m, 2H), 3.90 (s, 3H),
3.934.27 (m, 1H), 6.58 (d,
4J=1.9 Hz, 1H), 6.616.89 (m, 1H),
7.087.24 (m, 4H),7.34 (d,
3J=8.6 Hz,1H), 7.91 (dd,
3J=8.6 Hz,
4J=
1.2 Hz, 1H), 8.58 (bs, 1H); 8.63 (s, 1H),
1H NMR (200 MHz, DMSO-
d6)δ1.52(s,9H),2.643.10(m,3H),3.82(s,3H),3.90(bs,1H),6.58
(bs, 1H), 6.63 (bs, 1H), 7.077.30 (m, 4H), 7.45 (d,
3J = 8.6 Hz, 1H),
7.75 (d,
3J = 8.6 Hz, 1H), 8.49 (s, 1H), 11.34 (s, 1H);
13C NMR
(50MHz,APT,DMSO-d6)δ27.6(t),27.9(3C,q),(CH2groupat36.2
ppminCDCl3overlapswithDMSOsignal),50.4(d),51.4(q),79.5(s),
111.5 (d), 118.6 (s), 120.3 (s), 121.9 (d), 122.4 (d), 125.57 (s), 125.61
(d),126.7(d),127.0(d),127.9(d),129.1(d),134.5(s),135.6(s),139.0
(s), 153.4 (s), 167.1 (s);
13C NMR (50 MHz, APT, CDCl3) δ 28.1 (t),
28.4 (q, 3C), 36.2 (t), 51.2 (d), 51.6 (q), 80.7 (s), 111.0 (d), 120.1 (s),
121.5 (s), 122.7 (d), 123.7 (d), 125.6 (d), 126.0 (s), 126.4 (d), 126.8
(d), 128.2 (d), 129.1 (d), 134.9 (s), 135.8 (s), 139.2 (s), 154.2 (s),
168.2 (s).
1,1-Dimethylethyl-1-(5-chloro-1H-indol-3-yl)-3,4-dihydroisoquino-
line-2(1H)-carboxylate (3o): yield forCu 215 mg (66%) and forFe 236
mg (72%); pale pink powder; mp 202204 C; TLC Rf (PE/EtOAc
3/1) = 0.56; GC/MS (EI+) m/z (rel intensity) 284 (13), 283 (38), 282
(42), 281 (100), 279 (14), 265 (9), 253 (21), 252 (22), 217 (30), 216
(11), 164 (8), 130 (26), 103 (9); HRMS (ESI
+): exact mass calculated
for C22H23N2O2Cl 405.1340; found 405.1350 [M + Na]
+;
1H NMR
(200 MHz, DMSO-d6) δ 1.49 (s, 9H), 2.653.09 (m, 3H), 3.91 (bs,
1H),6.50(s,1H),6.63(bs,1H),7.09(dd,
3J=8.6Hz,
4J=1.9Hz,1H),
7.137.26 (m, 4H), 7.38 (d,
3J=8.6 Hz, 1H), 7.66 (d,
4J=1.8 Hz, 1H),
11.15(s,1H);
13CNMR(50MHz,APT,DMSO-d6)δ27.7(t),28.0(q,
3C), (CH2-group at 37.7 ppm in CDCl3 overlaps with DMSO signal),
50.1 (d), 79.3 (s), 113.1 (d), 117.0 (s), 118.3 (d), 121.2 (d), 123.4 (s),
125.6(d),126.7(d),126.8(d),127.0(s),127.9(d),129.0(d),134.4(s),
134.8 (s), 135.6 (s), 163.4 (s);
13C NMR (50 MHz, APT, CDCl3) δ
28.3 (t), 28.6 (3C, q), 37.7 (t), 51.0 (d), 79.3 (s), 112.0 (d), 118.9 (s),
119.7(d),122.6(d),125.5(s),125.7(d),126.1(d),126.8(d),127.5(s),
128.3 (d), 129.1 (d), 134.7 (s), 135.0 (s), 135.8 (s), 154.2 (s)
1,1-Dimethylethyl-1-(6-chloro-1H-indol-3-yl)-3,4-dihydroisoquino-
line-2(1H)-carboxylate (3p): yield forCu 245 mg (75%) and forFe 184
mg (56%); white powder; mp 8385 C; TLC Rf (PE:EtOAc=3:1) =
0.63; GC/MS (EI+) m/z (rel intensity) 284 (14), 283 (33), 282 (40),
281 (100), 279 (22), 265 (22), 253 (35), 252 (25), 217 (30), 216
(16), 130 (27), 103 (12); HRMS (ESI
+): exact mass calculated for
C22H23N2O2Cl 405.1340; found 405.1339 [M + Na]
+;
1H NMR (200
MHz, CDCl3) δ 1.52 (s, 9H), 2.632.81 (m, 1H), 2.903.20 (m, 2H),
4.07 (bs, 1H), 6.526.75 (m, 2H), 7.05 (dd,
3J = 8.6 Hz,
4J = 1.8 Hz,
1H), 7.107.23 (m, 4H), 7.31 (d,
4J = 1.7 Hz, 1H), 7.68 (bs, 1H), 8.19
(bs, 1H);
1H NMR (200 MHz, DMSO-d6) δ 1.45 (s, 9H), 2.663.12
(m,3H),3.90(bs,1H),6.50(s,1H),6.68(bs,1H),7.00(dd,
3J=8.5Hz,
4J = 1.9 Hz, 1H), 7.067.27 (m, 4H), 7.41 (d,
4J = 1.8 Hz, 1H), 7.54 (d,
3J=7.5Hz,1H),11.09(s,1H);
13CNMR(50MHz,APT,DMSO-d6)δ
27.8 (t), 28.0 (3C, q), CH2 group at 37.5 ppm in CDCl3 overlaps with
DMSO signal, 50.2 (d), 79.1 (s), 111.2 (d), 117.3 (s), 119.0 (d), 120.3
(d),124.8(s),125.7(d),126.0(s),126.2(d),126.6(d),127.9(d),128.9
(d),134.4(s),135.8(s),136.7(s),153.4(s);
13CNMR(50MHz,APT,
CDCl3) δ 28.4 (t), 28.5 (3C, q), 37.5 (t), 50.5 (d), 79.8 (s), 110.9 (d),
119.2(s),120.5(d),121.2(d),125.1(s),125.4(d),125.7(d),126.7(d),
128.2 (s), 128.3(d),129.1 (d),134.9(s), 135.9 (s),136.8 (s), 154.4(s).
1,1-Dimethylethyl-1-(7-nitro-1H-indol-3-yl)-3,4-dihydroisoquino-
line-2(1H)-carboxylate (3q): yield forCu 155 mg (46%) and forFe 235
mg (70%); bright yellow powder; mp 8891 C; TLC Rf (PE/EtOAc
5/1)=0.45;GC/MS(EI+)m/z(relintensity)293(56),292(100),291
(17), 290 (38), 264 (15), 263 (24), 246 (20), 244 (16), 217 (32), 216
(20), 189 (13), 188 (10), 132 (21), 130 (27), 121 (16), 108 (26), 103
(13);
1H NMR (200 MHz, DMSO-d6) δ 1.46 (s, 9H), 2.663.13 (m,
3H), 3.92 (d,
2J=12.1 Hz, 1H), 6.60 (s, 1H), 6.73 (bs, 1H), 7.067.29
(m, 5H), 8.018.13 (m, 2H), 11.80 (s, 1H);
13C NMR (50 MHz, APT,
DMSO-d6) δ 27.7 (t), 28.0 (q, 3C), 37.0 (t), 49.8 (d), 79.3 (s), 118.7
(d), 118.9 (d), 119.2 (s), 125.8 (d), 126.9 (d), 127.6 (d), 127.9 (d),
128.2 (d),128.5(s), 129.1 (d),130.3(s), 132.6 (s),134.5 (s), 135.2(s),
153.5 (s).
1,1-Dimethylethyl-1-(1H-pyrrolo[2,3-b]pyridin-3-yl)-3,4-dihydroi-
soquinoline-2(1H)-carboxylate(3r):yieldforCu133mg(44%)andfor
Fe 126 mg (42%); white powder; mp 8486 C; TLC Rf (PE/Et2O
1/1) = 0.11; GC/MS (EI+) m/z (rel intensity) 249 (56), 248 (100),
245 (36), 244 (57), 219 (50), 190 (10), 144 (14), 132 (24), 130 (28),
119 (34), 109 (27), 103 (18), 95 (16); HRMS (ESI
+) exact mass cal-
culatedforC21H23N3O2350.1863;found350.1871[M+H]
+;
1HNMR
(200MHz, DMSO-d6)δ1.45 (s,9H),2.683.15 (m,3H),3.92 (d,
2J=
11.2Hz,1H),6.50(s,1H),6.77(bs,1H),7.03(dd,
3J=7.9Hz,
3J=4.7Hz,
1H), 7.097.28 (m, 4H), 7.82 (bs, 1H), 8.20 (dd,
3J = 4.6 Hz,8789 dx.doi.org/10.1021/jo201511d |J. Org. Chem. 2011, 76, 8781–8793
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4J=1.4Hz,1H),11.54(s,1H);
13CNMR(50MHz,APT,DMSO-d6)δ
27.8 (t), 28.0 (q, 3C), 37.1 (t), 50.4 (d), 79.1 (s), 115.3 (d), 115.9 (s),
118.2 (s), 125.1 (d), 125.7 (d), 126.7 (d), 127.1 (d), 127.9 (d), 128.9
(d), 134.5 (s), 135.4 (s), 142.7 (d), 148.4 (s), 153.4 (s).
1,1-Dimethylethyl-1-(4-chloro-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-
3,4-dihydroisoquinoline-2(1H)-carboxylate (3s). yield for Cu 145 mg
(44%) and for Fe no conversion; white powder; mp 8791 C; TLC Rf
(PE/Et2O1/5)=0.28;GC/MS(EI+)m/z(relintensity)286(14),285
(35), 284 (41), 283 (100), 254 (26), 219 (11), 191 (11), 166 (6), 130
(14), 103 (8); HRMS (ESI
+) exact mass calculated for C20H21N4O2Cl
385.1426; found 385.1423 [M + H]
+;
1H NMR (200 MHz, CDCl3) δ
1.42 (s, 9H), 2.75 (d,
2J=16.2 Hz, 1H), 2.943.38 (m, 2H), 4.10 (bs,
1H), 6.81 (bs, 1H), 6.86 (bs, 1H), 7.127.28 (m, 4H), 8.64 (s, 1H),
11.02 (s, 1H);
13C NMR (50 MHz, APT, CDCl3) δ 28.0 (t), 28.4 (3C,
q), 38.2 (t),50.6 (d), 80.2(s), 115.6 (s), 119.0 (s), 126.0 (d),127.0 (d),
128.1 (d), 129.3 (d), 134.6 (s), 135.8 (s), 150.3 (d), 152.4(s), 152.6 (s),
155.0 (s).
Deprotection of the Boc PG. Method A: Microwave-As-
sisted Deprotection. 3h (150 mg, 0.450 mmol) or 3i (50 mg, 0.138
mmol) was suspended in ethylene glycol (3h, 20 mL; 3i, 10 mL) and
microwaved at 250 C for 30 s (hold time). The reaction mixture was
diluted with water and extracted three times with diethyl ether. The
combined organic layers were washed twice with brine, dried over
sodium sulfate, filtered, and evaporated. The crude product was purified
by flash column chromatography (100 g of SiO2, PE/EtOAc 100/0 f
0/100 (30min),EtOAc/EtOH 95/5 f60/40 (30min)). Inthecase of
3i the reaction mixture was diluted with water, chilled with liquid nitro-
gen, and lyophilized to afford the desired product as a pale brown solid.
DeprotectionoftheBocPG.MethodB:GeneralProcedure
for TMSCl-Promoted Boc Deprotection. TMSCl (272 mg, 2.50
mmol, 5.0 equiv) was added dropwise to an argon-degassed solution of
the corresponding Boc-protected amine (0.5 mmol, 1.0 equiv) in dry
MeOH (4 mL) at room temperature, and the reaction mixture was
stirredfor4to24hunderargon.Afterthereactionmixturewascooledto
0 C, it was poured into ice cold 2 N aqueous NaOH. The suspension
was extracted three times with EtOAc, and the combined organic layers
were washed once with 2 N NaOH. The combined organic layers were
then dried over sodium sulfate, filtered, and evaporated to afford the
desired product in quantitative yields.
MethodC:GeneralProcedureforIndolationofTHIQ. THIQ
(200mg,1.50mmol,1.0equiv),catalyst(18.1mg,75μmol,0.05equiv),and
thecorrespondingindole(1.80mmol,1.2equiv) wereplacedintoa5mLglass
vial in air and stirred for 10 min at 0 C. tBHP (390 μL, 5.5 M in decane, 1.3
equiv) was added dropwise at 0 C in air and the dark greenish slurry was
stirred for 1 h at 0 C. The neat mixture was then slowly heated to 50 C
(within1h),whereuponthecolorchangedtoblackandstirringwascontinued
for 15 h in a heating block. The reaction was monitored by GC-MS. The
mixturewasdilutedwithDCM(3mL) anddirectlysubjectedt ofl ashcolumn
chromatography, using PE/EtOAc as eluent to afford the desired product.
1-(1H-Indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5h): method A 95
mg(89%), methodB124 mg(100%),method C179 mg(48%); brown
solid; mp 4446 C; TLC Rf (EtOAc/EtOH 5/1) = 0.20; GC/MS (EI
+)m/z(relintensity)248(M
+,38),247(100),231(15), 219(22),218
(32), 217 (19), 130 (20); HRMS (ESI
+) exact mass calculated for
C17H16N2 249.1398, found 249.1386 [M + H]
+;
1H NMR (200 MHz,
CDCl3) δ 2.02 (bs, 1H), 2.803.37 (m, 4H), 5.51 (s, 1H), 6.88 (d,
3J=
1.9 Hz, 1H), 6.957.23 (m, 6H), 7.33 (d,
3J=8.0 Hz, 1H), 7.49 (d,
3J=
7.8 Hz, 1H), 8.34 (bs, 1H);
13CN M R(5 0M H z ,A P T ,C D C l 3) δ29.4 (t),
41.5 (t), 53.6 (d), 111.3 (d), 118.6 (s), 119.1 (d), 119.3 (d), 121.8 (d),
124.1(d),125.6(d),126.1(d),126.2(s),127.8(d),128.8(d),134.9(s),
136.5 (s), 138.1 (s).
1-(1-Methyl-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5i):
method A 35 mg (97%), method B 131 mg (100%), method C 4 mg
(1%); pale yellow solid; mp 5558 C; TLC Rf (EtOAc/EtOH/TEA
10/1/1) = 0.57; GC/MS (EI+) m/z (rel intensity) 262 (M
+, 60), 261
(100), 245 (6), 233 (14), 232 (24), 217 (12), 131 (22), 130 (29), 115
(11),108(14);
1HNMR(200MHz,CDCl3)δ2.52(s,1H),2.833.17
(m, 3H), 3.193.35 (m, 1H), 3.73 (s, 3H), 5.52 (s, 1H), 6.79 (s, 1H),
6.977.36(m,7H),7.51(d,
3J=7.9Hz,1H);
13CNMR(50MHz,APT,
CDCl3) δ 29.7 (t), 32.7 (q), 41.5 (t), 53.6 (d), 109.3 (d), 118.1 (s),
119.1 (d), 119.4 (d), 121.7 (d), 125.6 (d), 126.1 (d), 126.9 (s), 127.9
(d), 128.5 (d), 128.9 (d), 135.2 (s), 137.2 (s), 138.3 (s).
1-(2-Methyl-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5j):
method B 131 mg (100%), method C 170 mg (43%); pale yellow solid;
mp 6870 C; TLC Rf (EtOAc/EtOH 10/1) = 0.14; GC/MS (EI+)
m/z(relintensity) 262(M
+,86),261(100),247(24),245(60),244(37),
233 (22), 230 (21), 218 (38), 217 (41), 130 (46); HRMS (ESI
+) exact
mass calculated for C18H18N2 263.1543, found 263.1548 [M + H]
+;
1H
NMR (200 MHz, CDCl3) δ 1.94 (bs, 1H), 2.35 (s, 3H), 2.793.00 (m,
1H), 3.033.46 (m, 3H), 5.43 (s, 1H), 6.797.28 (m, 8H), 7.99 (bs, 1H);
13CN M R( 5 0M H z ,A P T ,C D C l 3) δ 11.9 (q), 29.8 (t), 43.3 (t), 53.6 (d),
110.2 (d), 113.6 (s), 118.8 (d), 119.2 (d), 120.8 (d), 125.9 (d), 126.0 (d),
127.3 (s), 127.4 (d), 128.8 (d), 133.3 (s), 134.9 (s), 135.4 (s), 138.5 (s).
1-(5-Methoxy-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5l):
method B 137 mg (99%), method C 202 mg (48%); light brown solid;
mp7476C;TLCRf(EtOAc/EtOH5/1)=0.11;GC/MS(EI+)m/z
(rel intensity) 278 (M
+, 62), 277 (100), 261 (49), 249 (26), 248 (26),
234(10),233(8),217(7),132(9),130(12);HRMS(ESI+)exactmass
calculated for C18H18N2O 279.1492; found 279.1499 [M + H]
+;
1H
NMR (200 MHz, CDCl3) δ 1.98 (bs, 1H), 2.793.36 (m, 4H), 3.76 (s,
3H), 5.47 (s, 1H), 6.796.88 (m, 2H), 6.91 (d,
3J=2.3 Hz, 1H),
6.957.18 (m, 4H), 7.22 (d,
3J=8.7 Hz, 1H), 8.18 (bs, 1H);
13C NMR
(50 MHz, APT, CDCl3) δ 27.8 (t), 40.5 (t), 52.9 (d), 55.6 (q), 100.8
(d),112.1(d),112.2(d),115.0(s),126.1(d),126.2(d),126.6(s),126.8
(d), 128.1 (d), 128.7 (d), 131.5 (s), 133.6 (s), 135.8 (s), 153.8 (s).
1-(5-Nitro-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5m):
method B 146 mg (100%), method C 233 mg (53%); shining dark
yellow solid; mp 8385 C; TLC Rf (EtOAc/EtOH 5/1) = 0.21; GC/
MS (EI+) m/z (rel intensity) 293 (M
+, 43), 292 (100), 276 (12), 263
(22), 246 (31), 218 (14), 217 (27), 130 (12); HRMS (ESI
+) exact mass
calculated for C17H15N3O2 294.1237; found 294.1239 [M + H]
+;
1H
NMR (200 MHz, CDCl3) δ 1.93 (bs, 1H), 2.803.34 (m, 4H), 5.51 (s,
1H), 6.92 (d,
3J=7.6 Hz, 1H), 6.977.23 (m, 4H), 7.32 (d,
3J=9.0 Hz,
1H), 8.06 (dd,
3J=9.0 Hz,
4J=2.1 Hz, 1H), 8.51 (d,
4J=2.0 Hz, 1H),
8.91 (bs, 1H);
13C NMR (50 MHz, CDCl3) δ 29.4 (t), 41.6 (t), 53.5
(d),111.2(d),117.1(d),117.7(d),121.9(s),125.8(d),125.9(s),126.6
(d), 127.0 (d), 127.5 (d), 129.3 (d), 135.1 (s), 137.2 (s), 139.6 (s),
141.5 (s).
1-(5-Methoxycarbonyl-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquino-
line (5n):methodC 321mg(58%); paleyellowsolid;mp195197C;
TLC Rf (EtOAc/EtOH 5/1) = 0.17; GC/MS (EI+) m/z (rel intensity)
306(M
+,41),305(100),289(8),276(16),253(20),244(8),217(14),
191 (16), 144 (8), 130 (12); HRMS (ESI
+) exact mass calculated for
C19H18N2O2 307.1441, found 307.1446 [M + H]
+;
1H NMR (200
MHz,CDCl3)δ1.77(bs,1H),2.793.33(m,4H),3.90(s,3H),5.55(s,
1H),6.987.20(m,5H),7.36(d,
3J=8.6Hz,1H),7.90(dd,
3J=8.6Hz,
4J=1.5 Hz, 1H), 8.37 (bs, 2H);
1H NMR (200 MHz, DMSO-d6) δ
2.573.21(m,5H),3.78(s,3H),5.31(s,1H),6.79(d,
3J=7.6Hz,1H),
6.97 (dt,
3J=7.3 Hz,
4J=1.9 Hz, 1H), 7.037.17 (m, 2H), 7.19 (d,
3J=
1.9 Hz, 1H), 7.42 (d,
3J=8.6 Hz, 1H), 7.69 (dd,
3 J=8.6,
4J=1.4 Hz,
1H),8.19(d,
4J=1.1Hz,1H),11.30(s,1H);
13CNMR(50MHz,APT,
CDCl3) δ 25.8 (t), 40.0 (t), 51.8 (q), 51.9 (d), 111.5 (d), 113.0 (s),
121.6(d),121.6(s),123.2(d),125.8(s),126.8(d),127.8(d),128.0(d),
128.1 (d), 128.7 (d), 132.1 (s), 132.9 (s), 138.9 (s), 168.1 (s).
1-(5-Chloro-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5o):
method B 141 mg (100%, reaction time 7 h); pale yellow solid; mp
148151 C; TLC Rf (EtOAc/Et3N 11/1) = 0.29; GC/MS (EI+) m/z
(relintensity)284(19),283(38),282(M
+,57),281(100),254(12),2538790 dx.doi.org/10.1021/jo201511d |J. Org. Chem. 2011, 76, 8781–8793
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(19), 252 (27), 217 (30), 131 (14), 130 (26), 109 (17); HRMS (ESI
+):
exact mass calculated for C17H15N2Cl 283.0997, found 283.0998 [M +
H]
+;
1H NMR(200 MHz,CDCl3) δ 1.93(bs, 1H), 2.793.34(m,4H),
5.43(s,1H), 6.91 (s,1H),6.94 (d,
3J=8.0 Hz, 1H),6.997.19(m,4H),
7.23(d,
3J=8.7Hz,1H),7.46(d,
4J=1.8Hz,1H),8.36(s,1H);
13CNMR
(50MHz,APT,CDCl3)δ29.4(t),41.7(t),53.6(d),112.3(d),118.7(s),
118.8(d),122.3(d),125.1(s),125.4(d),125.7(d),126.4(d),127.3(s),
127.6 (d), 129.0 (d), 134.9 (s), 134.9 (s), 137.7 (s).
1-(6-Chloro-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5p):
method B 122 mg (86%, reaction time 4 h), method C 197 mg (46%);
offwhitepowder;mp146148C;TLCRf(EtOAc/EtOH5/1)=0.15;
GC/MS(EI+)m/z(relintensity)284(18),283(38),282(M
+,56),281
(100), 265 (10), 253 (22), 252 (28), 217 (29), 132 (19), 131 (19), 130
(35), 123 (13), 109 (29); HRMS (ESI
+) exact mass calculated for
C17H15N2Cl283.0997,found283.1000[M+H]
+;
1HNMR(200MHz,
CDCl3) δ 2.23 (s, 1H), 2.793.37 (m, 4H), 5.44 (s, 1H), 6.87 (s, 1H),
6.93 (d,
3J=7.6 Hz, 1H), 6.967.09 (m, 2H), 7.137.21 (m, 2H), 7.25
(d,
4J=1.7 Hz, 1H), 7.32 (d,
3J=8.5 Hz, 1H), 8.61 (s, 1H);
13C NMR
(50 MHz, APT, DMSO-d6) δ 20.3 (t), 32.8 (t), 45.1 (d), 102.6 (d),
109.7(s),110.8(d),111.7(d),116.6(s),117.1(d),117.2(d),117.9(d),
118.8 (s), 119.4 (d), 120.3 (d), 126.4 (s), 129.1 (s), 129.5 (s).
1-(7-Nitro-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5q): meth-
odB145mg(99%,reactiontime6h),methodC:7mg(2%);shiningdark
yellowsolid;mp5861C;TLCRf(EtOAc/MeOH11/1) =0.35;GC/
MS (EI+) m/z (rel intensity) 293 (M
+, 57), 292 (100), 264 (15), 263
(23),246(18),217(26),189(10),132(10),131(8),130(14),109(11);
1H NMR (200 MHz, CDCl3) δ 1.87 (bs, 1H), 2.793.36 (m, 4H), 5.48
(s,1H),6.90(d,
3J=7.5Hz,1H),6.967.22(m,5H),7.84(d,
3J=7.7Hz,
1H), 8.13 (d,
3J=8.1 Hz, 1H), 9.86 (bs,1H);
13C NMR (50MHz, APT,
CDCl3) δ 29.6 (t), 42.0 (t), 53.8 (d), 119.0 (d), 119.3 (d), 121.1 (s),
125.7(d),126.1(d),126.5(d),127.5(d),128.4(d),129.1(d),130.0(s),
130.2 (s), 132.9 (s), 135.1 (s), 137.6 (s).
1-(1H-pyrrolo[2,3-b]pyridin-3-yl)-1,2,3,4-tetrahydroisoquinoline (5r):
method B 124 mg (100%), method C 160 mg (43%); light brown solid;
mp 172174 C; TLC Rf (EtOAc/EtOH 5/1) = 0.11; GC/MS (EI+)
m/z(relintensity) 249(M
+,36),248(100),232(7),220(18),219(30),218
(11),131(8),130(10),119(12);HRMS(ESI
+)exactmasscalculatedfor
C16H15N3 250.1339; found 250.1352 [M + H]
+;
1H NMR (200 MHz
DMSO-d6) δ 2.633.24 (m, 4H), 3.70 (s, 1H), 5.30 (s, 1H), 6.80 (d, J=
7.6Hz,1H),6.857.02(m,2H),7.037.18(m,2H),7.27(d,
4J=1.3Hz,
1H),7.66(dd,
3J=7.8Hz,
4J=1.3Hz,1H),8.15(d,
3J=3.6Hz,1H),11.48
(s, 1H);
13C NMR (50 MHz, APT, DMSO-d6) δ 29.0 (t), 41.7 (t), 53.9
(d), 114.8 (d), 116.8 (s), 118.4 (s), 124.8 (d), 125.2 (d), 125.8 (d), 127.0
(d), 128.0 (d), 128.7 (d), 135.0 (s), 138.5 (s), 142.3 (d), 148.9 (s).
1-(7-Methyl-1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (5t): meth-
odC189mg(48%);palebrownsolid;mp141144C;TLCRf(EtOAc/
EtOH 5/1) = 0.12; GC/MS (EI+) m/z (rel intensity) 262 (M
+, 56), 261
(100),245(11),233(14),232(21),217(12),132(9),131(12),130(20),
115 (10);
1H NMR (200 MHz, CDCl3) δ 2.08 (bs, 1H), 2.48 (s, 3H),
2.813.37(m,4H),5.51(s,1H),6.87(d,
3J=2.3Hz,1H),6.947.22(m,
6H), 7.307.41 (m, 1H), 8.26 (bs, 1H);
13C NMR (50 MHz, APT,
CDCl3) δ16.6 (q), 29.6 (t), 41.7 (t), 53.9 (d), 117.0 (d), 119.8 (d), 120.5
(s), 122.6 (d), 123.7 (d), 125.6 (d), 125.9 (s), 126.1 (d), 127.9 (d), 128.9
(d), 135.0 (s), 136.1 (s), 138.2 (s).
General Procedure for Pyrrolation of THIQ. THIQ (999 mg,
7.50 mmol, 2.0 equiv), catalyst (45.3 mg, 0.188 mmol, 0.05 equiv), and
thecorrespondingpyrrole(3.75mmol,1.0equiv)wereplacedina5mL
glassvialinairandcooledto0Candstirredfor10min.tBHP(975μL,
5.5 M in decane, 1.3 equiv) was added dropwise at 0 C in air and the
dark greenish slurry stirred for 1 h at 0 C. The neat mixture was then
slowly heated to 50 C (within 1 h), upon which the mixture turned
black,andstirredfor15hinaheatingblock.Thereactionwasmonitored
by GC-MS. The mixture was diluted with DCM (3 mL) and directly
subjected to flash chromatography, using EtOAc/EtOH as eluent. Due
topolarunidentifiedimpurities,thedesiredproductwasfurtherpurified
by preparative HPLC.
1-(1H-Pyrrol-2-yl)-1,2,3,4-tetrahydroisoquinoline (8a): 327 mg (44%);
white solid; mp 117118 C; TLC Rf (EtOAc/EtOH 5/1) = 0.11; GC/
MS(EI+)m/z(relintensity)198(M
+,50),197(100),182(99),169(36),
168 (95), 167 (40), 132 (46), 131 (28), 130 (60), 115 (21), 103 (21), 77
(22); HRMS (ESI
+) exact mass calculated for C13H14N2 199.1230, found
199.1223[M+H]
+;
1HNMR(200MHz,CDCl3)δ2.07(s,1H),2.76(dt,
2J=16.4 Hz,
3J=5.3 Hz, 1H), 2.843.26 (m, 3H), 5.14 (s, 1H), 6.06 (dd,
3J=3.3Hz,
3J=2.5Hz,1H),6.14(dd,
3J=5.7Hz,
3J=2.8Hz,1H),6.68(dd,
3J=4.1Hz,
3J=2.5Hz,1H),6.957.04(m,1H),7.057.23(m,3H),9.11
(s, 1H);
13C NMR (50 MHz, APT, CDCl3) δ 29.2 (t), 41.9 (t), 55.1 (d),
107.4 (d), 107.9 (d), 117.6 (d), 125.6 (d), 126.5 (d), 127.6 (d), 129.1 (d),
133.7 (s), 134.8 (s), 137.0 (s).
1-(2,5-Dimethyl-1H-pyrrol-3-yl)-1,2,3,4-tetrahydroisoquinoline (8b):
230 mg (27%); off-white crystals; mp 127129 C; TLC Rf (EtOAc/
EtOH/TEA10/1/1)=0.53;GC/MS(EI+)m/z(relintensity)226(M
+,
100), 225 (96), 209 (79), 208 (56), 196 (38), 194 (32), 182 (39), 167
(28), 132 (24), 130 (36), 94 (78), 91 (28); HRMS (ESI
+) exact mass
calculated for C15H18N2 227.1543; found 227.1544 [M + H]
+;
1HN M R
(200MHz,CDCl3)δ1.84(s,1H),2.13(s,3H),2.15(s,3H),2.713.15
(m, 3H), 3.32 (dt,
2J=15.9 Hz,
3 J=7.0 Hz, 1H), 5.01 (s, 1H), 5.51 (d,
4J=2.3 Hz, 1H), 6.90 (d,
3J=6.9 Hz, 1H), 6.987.13 (m, 3H), 7.74
(s,1H);
13C NMR (50 MHz, CDCl3) δ 11.1 (q), 12.9 (q), 29.9 (t), 42.6
(t), 54.1 (d), 105.9 (d), 122.5 (s), 123.2 (s), 125.1 (s), 125.5 (d), 125.6
(d), 127.7 (d), 128.7 (d), 135.0 (s), 139.8 (s).
1-(4,5,6,7-tetrahydro-1H-indol-2-yl)-1,2,3,4-tetrahydroisoquinoline
(8c): 387 mg (41%); pale yellow solid; mp 115117 C; TLC Rf
(EtOAc/EtOH 5/1) = 0.14; GC/MS (EI+) m/z (rel intensity) 252
(M
+, 46), 251 (52), 236 (56), 223 (44), 222 (39), 194 (31), 180 (39),
132 (43), 131 (65), 130 (100), 105 (32), 103 (31), 93 (72), 77 (31);
HRMS (ESI
+) exact mass calculated for C17H20N2 253.1699, found
253.1692 [M + H]
+;
1H NMR (200 MHz, CDCl3) δ 1.681.88 (m,
4H),2.21(s,1H),2.442.55(m,4H),2.683.30(m,4H),5.10(s,1H),
5.76 (d,
4J=2.3 Hz, 1H), 7.037.21 (m, 4H), 8.27 (s, 1H);
13C NMR
(50 MHz, APT, CDCl3) δ 22.7 (t), 22.8 (t), 23.4 (t), 23.8 (t), 29.3 (t),
41.6 (t), 55.1 (d), 107.1 (d), 116.1 (s), 125.5 (d), 126.4 (d), 126.8 (s),
127.8 (d), 129.0 (d), 131.8 (s), 134.9 (s), 137.1 (s).
1,1-Dimethylethyl-1-(1H-pyrrol-2-yl)-3,4-dihydroisoquinoline-
2(1H)-carboxylate (8d):55 mg (11%); yellow oil; TLC Rf(PE/EtOAc 5/1)
= 0.53; GC/MS (EI+) m/z(rel intensity) 298 (M
+, 8), 242 (49), 198 (30),
197 (100), 182 (42), 168 (26), 167 (15), 132 (10), 130 (18), 57 (20);
1H
NMR(200MHz,CDCl3)δ1.51(s,9H),2.703.03(m,2H),3.26(bs,1H),
3.98(bs,1H),5.58(bs,1H),6.02(dd,
3J=5.0Hz,
3J=2.5Hz,1H),6.30(bs,
1H),6.73(dd,
3J=4.1Hz,
3J=2.5Hz,1H),7.147.23(m,4H),9.14(s,1H);
13C NMR (101 MHz, CDCl3) δ 28.6 (q, 3C), 28.7 (t), 39.1 (t), 51.6 (d),
80.2 (s), 107.1 (d), 107.7 (d), 117.7 (d), 125.9 (d), 127.0 (d), 128.5 (d),
128.6 (d), 134.1 (s), 134.3 (s), 135.2 (s), 156.2 (s).
General Procedure for Methoxyarlyation of N-Protected
THIQ. 2-Protected 1,2,3,4-tetrahydroisoquinoline (PG = Boc, 200 mg;
PG = Bz, 203 mg; PG = Cbz; 229 mg; 0.857 mmol, 1.0 equiv), catalyst
(Cu(NO3)233H2O, 10.4 mg; Fe(NO3)339H2O, 17.3 mg; 42.9 μmol,
0.05 equiv), and the methoxybenzene derivative (1.03 mmol, 1.2 equiv)
were placed into a 5 mL glass vial. tBHP (203 μL, 5.5 M in decane, 1.3
equiv)wasaddeddropwiseat0Cinairandthereactionmixturestirred
for10minat0C.Theneatmixturewasthenslowlyheatedto50Cand
stirred for 15 h in a heating block. The reaction was monitored by TLC
and/or GC-MS. The reaction mixture was diluted with DCM (3 mL)
and directly subjected to flash column chromatography. The desired
product was obtained after MPLC, where the solvent mixture used for
TLC was also used for column chromatography (100 g of SiO2). If
necessary, the product was finally purified by preparative HPLC.
1,1-Dimethylethyl-1-(2,4,6-trimethoxyphenyl)-3,4-dihydroisoqui-
noline-2(1H)-carboxylate (10a): yield for Cu 260 mg (76%) and for Fe8791 dx.doi.org/10.1021/jo201511d |J. Org. Chem. 2011, 76, 8781–8793
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278mg(81%); whitesolid;mp109111C;TLCRf(PE/Et2O1/1)=
0.10; GC/MS (EI+) m/z (rel intensity) 348 (24), 299 (60), 298 (100),
282 (26), 268 (90), 239 (14), 180 (18), 179 (20), 151 (16), 132 (9);
HRMS (ESI
+): exact mass calculated for C23H29NO5 400.2118, found
400.2122 [M + H]
+;
1H NMR (200 MHz, CDCl3) δ 1.28 (s, 9H),
2.733.01 (m, 2H), 3.49 (ddd,
2J=12.6 Hz,
3J=10.6 Hz,
3J=4.5 Hz,
1H), 3.69 (s, 6H), 3.81 (s, 3H), 4.304.45 (m, 1H), 6.12 (s, 2H),
6.45 (s, 1H), 6.80 (d,
3J=7.2 Hz, 1H), 6.957.16 (m, 3H);
13C NMR
(50 MHz, APT, CDCl3) δ 28.3 (3C, q), 30.5 (t), 39.4 (t), 49.4 (d),
55.2 (q), 55.5 (2C, q), 79.1 (s), 90.5 (2C, d), 114.0 (s), 125.4 (d),125.8
(d), 126.3 (d), 127.9 (d), 135.2 (s), 137.2 (s), 155.4 (s), 158.8 (2C, s),
160.1 (s).
Phenyl-(1-(2,4,6-trimethoxyphenyl)-3,4-dihydroisoquinolin-2(1H)-
yl)methanone (10b): yield for Cu 159 mg (46%) and for Fe 187 mg
(54%);whitesolid;mp6769C;TLCRf(PE/Et2O1/1)=0.09;GC/
MS(EI+)m/z(relintensity)403(M
+,7),373(26),372(100),299(4),
298(13),282(6),105(10),77(9);HRMS(ESI
+)exactmasscalculated
for C25H25NO4 404.1856, found 404.1852 [M + H]
+;
1H NMR (400
MHz, DMSO-d6,8 0C) δ 2.86 (bs, 1H), 3.61 (s, 6H), 3.633.74 (m,
1H),3.78(s,3H),4.07(bs,1H),6.21(s,2H),6.64(bs,1H),6.72(d,
3J=
7.5 Hz, 1H), 7.04 (t,
3J=7.4 Hz, 1H), 7.10 (t,
3J=7.2 Hz, 1H),
7.137.26(m,3H),7.317.44(m,3H);
13CNMR(101MHz,DMSO-
d6,80C)δ29.5(t),49.2(s),54.8(q),55.4(q,2C),91.4(d,2C),112.4
(s), 125.1 (d), 125.4 (d, 2C), 126.0 (d, 2C), 127.4 (d), 127.5 (d, 2C
overlapping), 128.3 (d), 134.3 (s), 136.5 (s), 137.3 (s), 158.4 (s), 159.9
(s, 2C), 169.2 (s).
Phenylmethyl-1-(2,4,6-trimethoxyphenyl)-3,4-dihydroisoquino-
line-2(1H)-carboxylate(10c):yieldforCu190mg(51%)andforFe215
mg (58%); pale yellow solid; mp 115116 C; TLC Rf (PE/Et2O1 / 1 )=
0.32; GC/MS (EI+) m/z (relintensity) 433 (M
+, 1),342 (3), 299 (20),
298 (100), 283 (5), 282 (17), 90 (6); HRMS (ESI
+) exact mass
calculated for C26H27NO5 434.1962, found 434.1966 [M + H]
+;
1H
NMR (200 MHz, CDCl3) δ 2.753.06 (m, 2H), 3.293.79 (m, 7H),
3.83 (s, 3H), 4.46 (d,
2J=11.0 Hz, 1H), 5.03 (d,
2J=16.7 Hz, 1H), 5.09
(d,
2J=17.4 Hz, 1H), 6.08 (s, 2H), 6.56 (s, 1H), 6.79 (d,
3J=7.3 Hz,
1H),6.967.41(m,8H);
13CNMR(50MHz,APT,CDCl3)δ30.4(t),
39.9(t),49.3(d),55.2(q),55.4(q,2C),66.8(t),90.8(d,2C),113.3(s),
125.5 (d), 125.9 (d), 126.2 (d), 127.5 (d), 127.8 (d), 127.9 (d, 2C),
128.2 (d, 2C), 134.7 (s), 136.0 (s), 137.0 (s), 155.6 (s), 158.9 (s), 160.2
(s, 2C).
1,1-Dimethylethyl-1-(2,4,5-trimethoxyphenyl)-3,4-dihydroisoqui-
noline-2(1H)-carboxylate (10d): yield for Cu 80 mg (23%) and for Fe
160 mg (47%); white solid; mp 8486 C; TLC Rf (PE/Et2O 3/1) =
0.13; HRMS (ESI
+) exact mass calculated for C23H29NO5 400.2118,
found400.2123[M+H]
+;GC/MS(EI+)m/z(relintensity) 399(M
+,4),
343 (5), 299 (58), 298 (100), 284 (24), 268 (73), 253 (12), 239 (12),
168 (8), 132 (15);
1H NMR (200 MHz, CDCl3) δ 1.40 (s, 9H),
2.753.07(m,2H),3.353.55(m,1H),3.69(s,3H),3.77(s,3H),3.87
(s, 3H), 4.034.24 (m, 1H), 6.53 (s, 1H), 6.42 (s, 1H), 6.56 (s, 1H),
7.017.17 (m, 4H);
13C NMR (50 MHz, APT, CDCl3) δ 28.3 (3C, q),
29.0(t),39.1(t),53.0(q),56.0(q),56.1(d),56.7(q),79.4(s),97.5(d),
113.8(d),124.2(s),125.9(d),126.2(d),127.8(d),128.4(d),134.8(s),
136.7 (s), 142.4 (s), 148.8 (s), 151.5. (s), 154.7 (s).
1,1-Dimethylethyl-1-(2,3,4,6-tetramethoxyphenyl)-3,4-dihydroiso-
quinoline-2(1H)-carboxylate (10e): yield forCu 170 mg (46%) and for
Fe 190 mg (52%); pale yellow solid; mp 116118 C; TLC Rf (PE/
Et2O 2/1) = 0.17; GC/MS (EI+) m/z (rel intensity) 429 (M
+, 8), 329
(27), 328 (100), 299 (10), 298 (49), 183 (10), 132 (20), 130 (10), 57
(12); HRMS (ESI
+): exact mass calculated for C24H31NO6 430.2224,
found430.2230[M+H]
+;
1HNMR(200MHz,CDCl3)δ1.33(s,9H),
2.743.03(m,2H),3.403.61(m,4H),3.75(s,3H),3.75(s,3H),3.88
(s, 3H), 4.36 (d,
3J=12.3 Hz, 1H), 6.29 (s, 1H), 6.48 (s, 1H), 6.80 (d,
3J=6.9Hz,1H),6.967.16(m,3H);
13CNMR(50MHz,APT,CDCl3)δ
28.3 (q, 3C), 30.2 (t), 39.4 (t), 49.8 (d), 55.7 (q), 55.9 (q), 59.8 (q), 60.7
(q),79.2(s),91.7(d),118.9(s),125.6(d),125.7(d),126.5(d),128.1(d),
135.1 (s), 136.5 (s), 137.3 (s), 152.6 (s), 152.7 (s), 153.6 (s), 155.1 (s).
1,1-Dimethylethyl-1-(2,4-dimethoxyphenyl)-3,4-dihydroisoquino-
line-2(1H)-carboxylate(10f):yieldforCu131mg(41%)andforFe108
mg (34%); white solid; mp 3637 C; TLC Rf (PE/Et2O 1/1) = 0.33;
HRMS (ESI
+) exact mass calculated for C22H27NO4 370.2013, found
370.2010 [M + H]
+; GC/MS (EI+) m/z (rel intensity) 269 (46), 268
(100),252(22),239(12),238(32),132(15),130(10);
1HNMR(200
MHz, CDCl3) δ 1.42 (s, 9H), 2.81 (dt,
2J=16.0 Hz,
3J = 3.9 Hz, 1H),
2.99 (ddd,
2J=15.9 Hz,
3J = 10.3 Hz,
3J = 5.6 Hz, 1H), 3.293.48
(m, 1H), 3.78 (s, 3H), 3.82 (s, 3H), 3.994.22 (m, 1H), 6.34 (dd,
3J=
8.4 Hz,
4J = 2.4 Hz, 1H), 6.47 (s, 1H), 6.48 (s, 1H), 6.83 (d,
3J=8.3 Hz,
1H),7.007.18(m,4H);
13CNMR(101MHz,CDCl3)δ28.3(q,3C),
28.8(t),38.6(t),52.6(d),55.15(q),55.19(q),79.3(s),98.4(d),103.4
(d), 125.1 (s), 125.9 (d), 126.2 (d), 127.9 (d), 128.5 (d), 130.0 (d),
135.0 (s), 136.8 (s), 154.7 (s), 158.0 (s), 159.9 (s).
General Procedure for Methoxyarylation of Isochroman.
Isochroman 9 (200 mg, 1.49 mmol, 1.0 equiv), catalyst (Cu(NO3)23
3H2O,18.0mg;Fe(NO3)339H2O,30.1mg;74.5μmol,0.05equiv),and
thecorrespondingmethoxybenzene(1.79mmol,1.2equiv)wereplaced
into a 5 mL glass vial. tBHP (352 μL, 5.5 M in decane, 1.3 equiv) was
addeddropwiseat0Cinairandthereactionmixturestirredfor10min
at0C.Theneatmixturewasthenslowlyheatedto50Candstirredfor
15 h in a heating block. Finally, the reaction temperature was raised to
80 C, and the reaction mixture was stirred for another 24 h. The
reaction was monitored by TLC and/or GC-MS. The reaction mixture
was diluted with DCM (3 mL) and directly subjected to flash column
chromatography. The desired product was obtained after MPLC, where
the solvent mixture used for TLC was also used for column chroma-
tography(100gofSiO2).Ifnecessary,theproductwasfinallypurifiedby
preparative HPLC.
1-(2,4,6-Trimethoxyphenyl)isochroman (11a): yield for Cu 230 mg
(51%) and for Fe 246 mg (55%); white solid; mp 118120 C; TLC Rf
(PE/Et2O1/1)=0.32;GC/MS(EI+)m/z(relintensity)300(M
+,50),
282 (22), 272 (50), 269 (100), 251 (26), 241 (98), 239 (48), 208 (23),
195 (27), 181 (35), 168 (22), 139 (28); HRMS (ESI
+) exact mass
calculatedforC18H20O4301.1434;found301.1442[M+H]
+;
1HNMR
(200 MHz, CDCl3) δ 2.66 (d,
2J=15.9 Hz, 1H), 3.093.35 (m, 1H),
3.61 (s, 6H), 3.80 (s, 3H), 3.93 (dt,
2J=11.2 Hz,
3J = 3.1 Hz, 1H), 4.30
(ddd,
2J = 11.1 Hz,
3J = 5.6 Hz,
3J = 1.9 Hz, 1H), 6.12 (s, 2H), 6.30 (s,
1H),6.67(d,
3J=7.6Hz,1H),6.927.12(m,3H);
13CNMR(50MHz,
APT, CDCl3) δ 29.0 (t), 55.2 (q), 55.9 (2C, q), 65.3 (t), 70.2 (d), 91.4
(2C, d), 111.7 (s), 124.2 (d), 125.1 (d), 125.5 (d), 127.8 (d), 133.8 (s),
139.7 (s), 159.9 (2C, s), 161.2 (s).
1-(2,3,4,6-Tetramethoxyphenyl)isochroman (11b): yieldforCu 190
mg (39%) and for Fe 85 mg (17%); white solid; mp 5558 C; TLC Rf
(PE/EtOAc 5/1) = 0.19; GC/MS (EI+) m/z (rel intensity) 330 (M
+,
100), 315 (23), 312 (14), 299 (99), 284 (10), 271 (18), 238 (16), 198
(24), 195 (16), 183 (23); HRMS (ESI
+) exact mass calculated for
C19H22O5 331.1540, found 331.1544 [M + H]
+;
1H NMR (200 MHz,
CDCl3) δ 2.69 (d,
2J=16.0 Hz, 1H), 3.46 (s, 3H), 3.143.35 (m, 1H),
3.69 (s, 3H), 3.78 (s, 3H), 3.88 (s, 3H), 3.914.02 (m, 1H), 4.32 (ddd,
2J=11.1Hz,
3J=5.6Hz,
3J=1.7Hz,1H),6.25(s,1H),6.30(s,1H),6.69
(d,
3J=7.3 Hz, 1H), 6.967.17 (m, 3H);
13C NMR (50 MHz, APT,
CDCl3) δ 28.9 (t), 55.9 (q), 56.3 (q), 60.5 (q), 60.8 (q), 65.3 (t), 70.8
(d),92.7(d),116.8(s),124.5(d),125.4(d),125.6(d),128.1(d),133.8
(s), 136.7 (s), 139.6 (s), 153.5 (s), 153.8 (s), 154.5 (s).
1-(2,4-Dimethoxyphenyl)isochroman(11c):yieldforCu92mg(23%)
andforFe48mg(12%);colorlessoil;TLCRf(PE/Et2O1/1)=0.28;GC/MS
(EI+) m/z (rel intensity) 270 (M
+, 65), 255 (100), 239 (43), 225 (16),
209 (16), 194 (13), 178 (8), 165 (24), 104 (10), 77 (8); HRMS (ESI
+)
exact mass calculated for C17H18O3 271.1329; found 271.1324 [M +
H]
+;
1H NMR (200 MHz, CDCl3) δ 2.84 (dt,
2J=16.3 Hz,
3J = 4.4 Hz,
1H),3.013.22(m,1H),3.81(s,3H),3.88(s,3H),3.904.03(m,1H),8792 dx.doi.org/10.1021/jo201511d |J. Org. Chem. 2011, 76, 8781–8793
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4.18 (dt,
2J=11.0 Hz,
3J = 5.0 Hz, 1H), 6.22 (s, 1H), 6.43 (dd,
3J=8.4
Hz,
4J=2.4Hz,1H),6.55(d,
4J=2.4Hz,1H),6.80(d,
3J=7.4Hz,1H),
6.96(d,
3J=8.4Hz,1H),7.037.21(m,3H);
13CNMR(50MHz,APT,
CDCl3) δ 28.8 (t), 55.3 (q), 55.6 (q), 63.3 (t), 72.2 (d), 98.4 (d), 104.2
(d), 123.3 (s), 125.8 (d), 126.2 (d), 126.6 (d), 128.5 (d), 130.7 (d),
134.2 (s), 137.9 (s), 158.6 (s), 160.5 (s)
1-(2,4,5-Trimethoxyphenyl)isochroman (11d): yield for Cu 145 mg
(32%) and for Fe 67 mg (15%); white solid; mp 4648 C; TLC Rf
(PE/EtOAc 5/1) = 0.39; GC/MS (EI+) m/z (rel intensity) 300 (M
+,
100),285(35),269(39),257(9),239(26),225(9),208(12),195(14),
168 (25), 153 (13); HRMS (ESI
+) exact mass calculated for C18H20O4
301.1434, found 301.1436 [M + H]
+;
1H NMR (400 MHz, CDCl3) δ
2.80(dt,
2J=16.2Hz,
3J=3.2Hz,1H),3.21(ddd,
2J=16.0Hz,
3J=10.0
Hz,
3J = 5.8 Hz, 1H), 3.73 (s, 3H), 3.89 (s, 3H), 3.93 (s, 3H), 3.99 (dt,
2J=11.1 Hz,
3J= 3.8 Hz, 1H), 4.27 (ddd,
2J=11.2 Hz,
3J=5 . 6H z ,
3J=3 . 1
Hz, 1H), 6.20 (s, 1H), 6.61 (s, 1H), 6.66 (s, 1H), 6.78 (d,
3J=7.6 Hz,
1H), 7.057.12 (m, 1H), 7.147.21 (m, 2H);
13C NMR (101 MHz,
APT, CDCl3) δ 28.8 (t), 56.0 (q), 56.4 (q), 56.8 (q), 64.4 (t), 72.6 (d),
97.4(d),113.0(d),122.2(s),125.8(d),126.2(d),126.5(d),128.5(d),
133.9 (s), 138.0 (s), 143.2 (s), 149.4 (s), 151.9 (s).
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